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ABSTRACT 
 
 
Season Extension of Strawberry and Raspberry Production using High Tunnels 
 
 
by 
 
 
Daniel Rowley, Master of Science 
 
Utah State University, 2010 
 
 
Major Professor: Dr. Brent Black 
Department: Plants, Soils, and Climate 
 
 High tunnels have been used successfully in many areas of the world to extend the 
growing season for numerous crops.  However, very little research has been conducted to 
evaluate the season extension benefits offered by high tunnels to small fruit crops in high 
elevation growing areas such as the Intermountain West region of the United States.  The use of 
high tunnels was investigated in North Logan, Utah (41.766 N latitude, 1405 m elevation, 119 
freeze free days) to extend the growing season for both strawberries and raspberries.  June-
bearing ‘Chandler’ strawberries in a fall-planted annual hill system were evaluated for early 
season production.   High tunnels advanced spring strawberry production by approximately 3 
weeks compared to field-grown plants.  High tunnels were used for earlier planting and growth 
in a spring-planted day-neutral strawberry system.  Day-neutral cultivars (‘Albion’, ‘Seascape’, 
‘Evie 2’, and ‘Tribute’) produced strawberries throughout the summer and into the fall with 
significantly higher yields from the high tunnel treatments than the field-grown plants.  High 
tunnels also extended late-season strawberry production until mid-December.  The floricane-
fruiting red raspberry ‘Tulameen’ was evaluated for early season production, and primocane-
  
iv 
fruiting ‘Caroline’ was evaluated for late season extension.  High tunnels were unable to provide 
sufficient winter protection for the cold-tender ‘Tulameen’ at this location. Results from late 
season extension indicated that high tunnels could extend late season raspberry production by 
as much as three weeks.  However, peak yields for ‘Caroline’ were before the first fall frost, and 
a later fruiting cultivar would be more suitable.  In addition to research results, this thesis 
contains chapters on practical management considerations for commercial producers, and  
enterprise budgets to assist in evaluating the economic costs and returns of high tunnel 
strawberry and raspberry production.  
 
 (189 pages)  
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CHAPTER 1 
 
 
INTRODUCTION 
 
The climate in Utah and the Intermountain West restricts both the type of fruit crops 
that can be grown, and the length of the harvest season for adapted fruit crops.  Additionally, 
urban development in many of the choice fruit growing regions in the state of Utah have 
resulted in reduced parcel size or altogether elimination of fruit production acreage in these 
regions. The result is an increasing number of very small farms, and an increasing number of 
very large farms, with a decrease in intermediate sized farms.  According to the National 
Agriculture Statistics Service, the number of Utah farms producing fruits, nuts, or berries in the 
size category of 105+ ha increased in number during the 15-year period beginning 1992 and 
ending 2007.  During the same time period, the number of fruit, nut, and berry farms in the size 
range of 4 to 105 ha decreased, while the number of fruit, nut, and berry farm sizes in the range 
of 0.5 to 4 ha increased from 269 in 1992 to 346 in 2007 (Brown, 1994; Clark, 2009).  Producing 
many traditional crops using conventional growing practices on these increasingly smaller farms 
is often not economically viable. 
Many small farms are in close proximity to population centers and have the opportunity 
to obtain price premiums for direct-marketed locally grown, off-season produce.  The use of 
high tunnels provides an alternative to traditional crops and growing methods. With intensive 
management, high tunnels can be used on small parcels of land to produce high quality fruits 
and vegetables for an extended season.  High tunnels are large plastic covered structures that 
are used to modify the climatic characteristics of the covered area.  High tunnels are similar to a 
greenhouse, except that temperature modification is usually entirely passive, instead of energy-
intensive heating and cooling.   Additionally, plants in high tunnels are usually planted directly 
into the ground.  High tunnels have been used successfully in other regions of the U.S. to extend 
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the growing seasons for a variety of crops including small fruits (Demchak, 2009; Orzolek et al., 
2006; Rasmussen and White, 2006). 
A recent article in HortScience reported 20 locations throughout the United States and 
Canada that were conducting high tunnel research for small fruits production.  Locations for 
research were scattered throughout much of the East Coast, Midwest, and West Coast.  Utah 
was the only Intermountain State reporting high tunnel research on small fruit production 
(Demchak, 2009).  While data on high tunnel fruit production are available from other regions, 
information is needed on adapting this technology to the different climatic conditions 
experienced in the Intermountain West.  One of the key differences between Utah and other 
areas that are conducting high tunnel research is elevation (table 1.1).  Other differences include 
length of growing season in freeze free days, diurnal temperature fluctuations at spring and fall 
freezes, base 4° growing degree day accumulation (GDD), and percentage of growing degree 
days outside the frost free season.  One of the most important differences between Utah and 
other listed locations is the shorter growing season.  This can be seen in the fewer number of 
freeze free days during the year, as well as the accumulation of fewer GDD throughout the year.  
Larger diurnal temperature fluctuations at both the last spring and first fall frost as well as the 
higher percentage of GDD that occur outside the freeze free season indicate that a larger 
portion of the potential growing season is limited by freeze events in Utah climates (Plants, 
2009).  If high tunnels can successfully be used to keep plants from being damaged by freeze 
events, a comparatively larger benefit can be realized from Utah high tunnels.   
The presence of dramatic differences in elevation and key climatic conditions in Utah 
warrant additional research for the successful adaptation of high tunnel fruit production.  The 
hypothesis for this research project is that strawberries and raspberries can be economically 
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grown in Utah with high tunnels.  The following thesis chapters will discuss 1) experiments that 
have been conducted to optimize management systems for this high-elevation climate, 2) 
economic evaluations of these management systems, and 3) extension publications that outline 
the specifics of these systems to assist in the adoption process for commercial production.  
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Diurnal Temperature Fluctuation A
Freeze-free season (d)Elevation (m) at spring frost at fall frost
Logan UT 119 1400 16.1 17.2
Ithaca NY 141 300 13.9 11.7
Concord NC 209 200 15.6 13.9
Columbia MO 193 225 12.8 12.2
GDD Base 4oC before spring frost after fall frost
Logan UT 2,209 14% 10%
Ithaca NY 2,344 11% 9%
Concord NC 4,220 9% 6%
Columbia MO 3,533 6% 6%
Percentage of GDD
A Diurnal temperature fluctuations (°C) are the difference between the daytime 
high and nightime low.  Diurnal temperatures were calculated for the average last 
spring frost date and average first fall frost date.
Table 1.1. Comparison of climatic conditions and elevations of selected locations 
where high tunnels research is being conducted.  Temperature data presented in 
oC.  Data sets were provided by the Utah Climate Center.   Data were analyzed from 
1970 to 2008 for data sets that contained no missing data points (2009).
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CHAPTER 2 
 
EARLY SEASON EXTENSION USING JUNE-BEARING ‘CHANDLER’ STRAWBERRY IN HIGH TUNNELS 
 
 
Introduction 
 
 The fresh market strawberry industry in the US is dominated by California and Florida, 
which have regions with long seasons of ideal growing conditions (Sjulin, 2003).  Ideal growing 
conditions for strawberries occur when temperatures are between 20 and 26˚C. Sub-optimal 
temperatures (< 20°C) slow the growth and development of both the strawberry plant and fruit, 
whereas super-optimal temperatures above 35°C cause the strawberry plant to stop growing 
(Galletta and Bringhurst, 1990). While strawberry production regions in California and Florida 
naturally provide these ideal growing conditions, Utah does not.  The goal in performing this 
research study was to use high tunnels in an attempt to more closely maintain ideal growing 
conditions and develop a method whereby local farmers can produce top quality strawberries 
that can be sold for a premium price at local markets.   
Strawberries can be grown in the Intermountain West region of the United States.  
However, this region does not naturally provide ideal strawberry growing conditions for 
extended periods.  Early spring temperatures in Utah are sub-optimal, while summer 
temperatures are typically super-optimal (Moller and Gillies, 2008).  The production window for 
June bearing strawberries in Northern Utah generally starts in mid to late May and lasts through 
mid to late June, depending on local climatic conditions and cultivar.  Utah’s production window 
also coincides with peak national production and depressed wholesale prices (Pollack and Perez, 
2008).  The short growing season and depressed prices often make strawberry production in the 
Intermountain West only marginally profitable.  The use of high tunnels offers an alternative 
  
 
6 
 
approach for Intermountain West strawberry growers.  High tunnels have been successfully 
used to manipulate temperature and extend the growing season for many crops, including 
flowers (Rasmussen and White, 2006), vegetables (Orzolek et al., 2006), and small fruits 
including strawberries (Demchak, 2009; Demchak et al., 2006).  By extending the growing 
season earlier into the spring, direct market-oriented producers are better able to attract new 
customers, maintain current customers, and take advantage of higher out-of-season prices.     
Producing strawberries out of season requires growers to subject plants to specific 
environmental conditions to obtain the desired growth response, which in a fall planted June-
bearing system include adequate fall crown production, and maximum spring yields, with 
minimal runner production in both spring and fall.  The principle environmental factors that 
condition physiological response in strawberries are: growing temperature, photoperiod, and 
chilling (Galletta and Bringhurst, 1990).  High tunnels can effectively manipulate temperature, 
however chilling and photoperiod need to be manipulated in other ways, such as nursery plant 
type and planting date in annual systems (Albregts and Chandler, 1994; Maurer and Umeda, 
1999). 
In order to maximize the early season extension benefits of the high tunnel, it is 
necessary to optimize the fall planting date such that the correct balance of vegetative and 
reproductive growth is obtained.  Long days favor vegetative growth (crowns and runners), 
while short days favor reproductive (flower initiation) development (Galletta and Bringhurst, 
1990).  Because crown number and size affects the number of buds that are initiated, it is 
desired that crown growth be maximized in the fall and early spring before bud formation is 
limited by photoperiod.  Ideally, plants will partition most of the energy to crown production in 
the fall and early spring before the fruiting season.  During the fruiting season most of the 
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energy should be partitioned to fruit development.  Runnering competes with crown growth 
and fruit development.  Planting too early will result in excessive runnering, whereas late 
planting will result in inadequate plant establishment and crown formation.  Planting dates have 
been optimized for large strawberry producing areas such as Florida and California (Galletta and 
Bringhurst, 1990), but have not been optimized for the Intermountain West region where 
strawberry production is primarily small scale and targeted to direct marketing.  High tunnel 
production requires additional planting date optimization.   
In addition to optimizing the planting date, the added cost of constructing a high tunnel 
necessitates the optimization of growing space within the high tunnel.  In addition to the 
planting date study, a new high-density vertical growing system was compared with the 
traditional annual hill production system.  The purpose of the high density growing systems was 
to maximize yields per high tunnel growing area.   
This study was conducted to examine how the manipulation of temperature, 
photoperiod, and growing systems could affect strawberry production in the Intermountain 
West region of the United States.  High tunnels were used to provide more ideal conditions for 
early season strawberry growth and development.  Planting date was manipulated to provide 
the correct balance of vegetative and reproductive growth, and high density vertical growing 
systems were evaluated as a means for maximizing yields per high tunnel area.  The purpose of 
this research was to develop methods for local farmers to maximize yields of top quality 
strawberries that can be sold for a premium price at local markets.  
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Materials and Methods 
Experiments were conducted at the Utah State University Greenville Research Farm in 
North Logan (41.766 N, 111.813 W, 1405 m, 119 frost free days).  Tunnels were 4.3 m wide by 
12.8 m long, in an east-west orientation, and constructed according to Black et al. (2008). 
In Ground System: The in-ground system was an annual hill system patterned after the 
method for producing field strawberries in California and Florida, but adapted to colder climates 
(Black et al., 2002; Poling, 1993).  ‘Chandler’ plug plants were planted into a raised bed 60 cm 
wide and 20 cm high, covered with dark plastic mulch, with beds spaced on 1.2 m centers.  
Plants were spaced in offset double rows on the beds with 30 cm between rows and 23 cm 
within rows for a total plant density of 7.2 plants/m2.  The experimental plot consisted of two 
beds that were each 8.2 m long occupying one portion of one tunnel.   
For the 2008 fruiting season, each row was divided into nine six-plant plots, with 23 cm 
spacing between plots, providing a total plot length of 0.9 m.  Plots were assigned to one of six 
planting date treatments (table 2.1) and three replicate blocks in a randomized block design, 
with blocking by east to west location in the tunnel (figure A.1). 
Results from the 2008 growing season indicated that there was a slight difference 
between the north and south row, likely due to proximity to the edge of the tunnel.  As a result, 
the experiment was modified for the 2009 season to have four blocks with blocking to account 
for this variation (two per row).  The additional replication required that the space between 
plots be decreased, and that the latest planting date (9 Oct 2008) be omitted.  Thus, for the 
2009 fruiting season, each bed was divided into ten 10 six-plant plots, with a 10 cm space 
between plots for a 0.76 m plot length. 
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Vertical System: The second approach was a vertical growing system designed to 
maximize high tunnel growing area.  The vertical system was constructed by fastening PVC rain 
gutters to wooden support towers.  The gutters measured approximately 10 cm across and 8 cm 
deep.  The bottom gutter was placed approximately 10 cm above ground level.  Gutters were 
spaced 23 cm apart vertically, with a horizontal offset of 12 cm resulting in a sloped 
configuration. Two different tower orientations were evaluated for their effect on light 
interception, and consequently yield.  The first was a two-sided structure facing east and west, 
and the second tower system was single sided and faced south.  When maintenance space was 
considered, the east/west-facing vertical system had a total plant density of 21.5 plants/m2, and 
the south facing vertical system had a total plant density of 16.1 plants/m2, compared to the IG 
system that had 7.2 plants/m2.  Diagrams and a photograph of the vertical systems can be 
found in the appendix (figures A.2. to A.6). 
 The east/west-facing vertical system consisted of two towers that were 1 m tall and 
contained five 2.4 m-long gutter rows on each side of the towers, for a total of 10 gutter rows 
per tower.  The gutters were filled with soil-less media prior to planting 4-week-old ‘Chandler’ 
plug plants.  The 1:1:1 peat: perlite: vermiculite soil-less media also contained small amounts of 
dolomite (400 g per 0.2 m3 mix).  Each gutter row was divided into two plots 1.2 m long, and 
each plot was planted with five plug plants at 23 cm spacing.  Gutter plots were assigned to one 
of six blocks, and randomly assigned to one of six planting dates (table 2.1).  Two plots on each 
tower were not used in the experiment, thus making a total of 36 usable plots in the east/west-
facing system.  Within each east/west facing tower, three adjacent gutters, or six adjacent plots 
were considered to be a block (Fig A.1), with six different planting dates (table 2.1) randomly 
assigned to plots within the block.  Thus the east/west vertical system was comprised of six 
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different blocks.  The blocks remained the same for both growing seasons, with planting date 
treatments re-randomized for each season.   The experimental layout of this vertical system 
allowed for analyzing results according to two different designs.  First, the data could be 
analyzed as a randomized block design with six planting date treatments and six blocks, where 
blocks accounted for differences in distance from the ground and east or west exposure.  
Second, the results could be analyzed as a split-plot design with two replications, where main 
plot treatment was tower position and sub-plot treatment was planting date.  
The south-facing vertical system consisted of two towers that were 1.5 m tall, and each 
contained seven south facing gutters.  Each gutter was 3.1 m in length, and was divided into two 
1.5 m long sections.  Each gutter section was considered a plot and contained six plants spaced 
23 cm apart.  The top gutter on each of the towers was not used in the experiment, thus making 
a total of 12 plots on each tower for a total of 24 usable plots in the south-facing system.  Within 
each south facing tower, three adjacent gutters, or six adjacent plots were considered to be a 
block, with six different planting dates (table 2.1) randomly assigned to each plot within the 
block.  Thus, the south facing vertical system contained a total of 4 blocks that accounted for 
distance from the ground.  The gutters were filled with potting soil and planted with 4-week-old 
‘Chandler’ plug plants.  Blocks remained the same for both growing seasons, and planting dates 
were re-randomized for each season.  
Field Comparison:  An outside field site was planted in a similar manner to the high 
tunnel in-ground annual hill system described above.  Three replicate blocks were planted with 
each of the six planting dates for 2009 production.  For each planting date, two cultivars 
‘Chandler’ and ‘Allstar’ were established.  The purpose of the outside field comparison was to 
determine how much the fruiting season was advanced by high tunnels.  Early yield, a key factor 
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in the analysis of the high tunnel growing systems, was considered to be all yield produced 
before there was significant outdoor production.  An additional objective was to determine 
optimal fall planting dates for both ‘Chandler’ and ‘Allster’.  
Plug plant production:  Plug plants were produced as described by (Rowley et al., 2010; 
Chapter 7).  Mother plants were obtained from a commercial nursery and established in media-
filled PVC gutters in a greenhouse maintained at 24°/ 18°C day/night temperature, with 
supplemental lighting to ensure <16 hour photoperiod. Runner tips were collected 
approximately 30 days before the scheduled tunnel planting date, and transferred to 50-cell 
plug trays (approximately 115 cm3 per plug) containing soil-less planting media described 
above.  Runner tips were maintained in a greenhouse under intermittent mist for 20 days, and 
then removed from intermittent mist for another 10 days prior to planting (Durner et al., 2002; 
Hokanson et al., 2004; Takeda and Newell, 2006). During the last 10 days, a 20-20-20 water 
soluble fertilizer mix was applied at 100 ppm N at each irrigation.  
Data collection:  Throughout the fall and spring growing seasons, runners were counted 
and removed on a weekly basis.  Branch crowns originating from the original crown were 
counted on a monthly basis, and ripe fruit was harvested twice weekly during the production 
season.   Total mass of ripe fruit was determined for individual plots, average fruit size was 
determined on a 10-fruit sample, and marketability was estimated based on a visual rating.    
Data analysis: Data were analyzed using the PROC GLM procedure of the SAS statistical 
analysis software with a statistical significance of P=0.05.  The planting date effect in each 
growing system was analyzed independently of the other growing systems as a randomized 
complete block design with one treatment factor.  Trend analysis was carried out using 
orthogonal contrasts, and curves fitted based on the significance of the linear and quadratic 
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contrasts. Curves were fitted to planting date response using Microsoft Office Excel to predict 
optimum dates. 
Results and Discussion 
 The first harvest for the ground-based high tunnel system was 5 May 2008 and 7 May 
2009, with peak production occurring around the end of May for both years.  The first harvests 
for the vertical growing systems were delayed until 22 May 2008 and 18 May 2009, or 
approximately 2 weeks compared to the ground-based system, with peak production occurring 
around the first week in June.  Production from all systems terminated around the first of July.  
In comparison, the first harvest for the outdoor field planting in 2009 was 4 June.  Production 
peaked during the third and fourth week of June and also terminated during the first week in 
July.  These results indicate that high tunnels advanced June-bearing strawberry production by 
approximately 5 weeks, with significant production being advanced by approximately 3 weeks.  
Thus, early yield was defined as the first 5 weeks of high tunnel harvest.   
In Ground Annual Hill System:  Crown and fall runner growth are important indications 
of optimal planting date.  Fall runner production was highest in the earliest planting dates for 
both 2008 and 2009 production (Fig. 2.1).  Runner production decreased with later planting 
dates, with no significant runner production for planting dates after 28 Aug (tables 2.2 & 2.3). 
Thus the later plantings effectively focused growth on crown formation instead of in runners 
that would need to be removed (Galletta and Bringhurst, 1990).  Crown numbers in both 2008 
and 2009 were positively correlated with early yields (Fig. 2.1), and were found to have 
significant quadratic trends with predicted optimum crown production for planting dates of 3 
Sept. 2007 and 25 Aug. 2008 (tables 2.2 and 2.3).   
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Spring runner production may also indicate optimal planting date.  Plants that were 
established too late were too small for adequate flower bud initiation and cropping.  In the 
absence of developing fruit, more energy was devoted to vegetative growth in the form of 
runners.  This can be seen in figure 2.1 where the smaller plants (lower crown number) tended 
to produce more spring runners, and less fruit.  Spring runner production for both years 
increased after the third planting date (4 Sept 2007 and 28 Aug 2008).  
For the 2008 fruiting season, highest early (Fig 2.1) and total yields (table 2.4) were 
obtained when strawberries were planted on 4 Sept.   Early yields were 478 g/plant, which 
consisted of 65% of the total yield.  For the 2009 harvest season, the 28 Aug planting date 
treatment resulted in the highest early yields, 329 g/plant or 62% of the total yield (table 2.5).  
Trend analysis of early yield data from both 2008 and 2009 showed significant quadratic 
relationships, with predicted optimal planting dates of 7 Sept 2008 and 30 Aug 2009.  The 
predicted optimal planting dates for total yield were 30 Aug 2008 and 29 Aug 2009. While total 
yields may be of some interest, the main objective of high tunnels is early yields, which occur 
before significant outdoor production.  Taken together, results for runner growth, crown 
formation and early yield over both years indicate that the optimum planting date for the 
ground-based system at this location was between 25 Aug and 7 Sept, or approximately 1 Sept 
which has a day-length of approximately 13.1 hrs.  Optimum planting date would likely differ for 
other cultivars and other locations.  
Vertical Systems:  Both vertical systems failed in the 2008 production year due to 
improper winter management of plants.  During the winter months, gutters remained attached 
to the vertical support system and were covered with floating row cover.  Extreme soil 
temperature fluctuations in the gutters (Fig 2.2) led to severe plant damage which was evident 
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in damaged leaves and crowns.  Visibly damaged plants showed limited productivity in Spring 
2008 (Figs. 2.3 & 2.4), and were more prone to fungal diseases including increased fruit rot.  As a 
result, maximum early yield was 33 and 38 g/plant for the east/west-facing and the south-facing 
vertical system, respectively (tables 2.6 & 2.7), whereas maximum early yield from the in-ground 
system was 478 g/plant (table 2.4).  Growth data for the 2008 vertical growing systems shows 
that later planting dates had fewer crowns and fall runners, but did not differ in spring runner 
number (tables 2.8 and 2.9).  For the 2009 fruiting season, gutters were removed from the 
vertical support system during the winter, placed on the ground inside the tunnel, and covered 
with floating row cover.  Significant improvements in winter survival and yields in the second 
year are attributed to this change in winter management.   
East/west-facing vertical system:  Fall runner production for the 2009 fruiting season 
decreased with later planting date, with few runners produced in the 11 Sept. and later planting 
date treatments.  Pre-harvest crown numbers in 2009 decreased linearly with later planting 
dates (table 2.10).  Spring runner production was lowest for the 14 Aug. planting date, and 
increased with later planting dates.  Greatest early yields for the 2009 season were produced 
between 14 Aug. and 11 Sept. planting dates, with mean production of 136 g/plant (table 2.11).  
Trend analysis of early yield showed a significant quadratic trend with a predicted maximum for 
5 Sept (Fig 2.3).  Greatest total yields were produced by the 28 Aug. planting date, with 285 
g/plant.  Trend analysis of total yield suggested an optimal planting date of 3 Sept. (table 2.11).  
Based on early yields, total yields and runner production, the optimal planting date for the 
east/west facing vertical system is between 25 Aug. and 7 Sept. or 1 Sept. ± 1wk (Fig 2.3).   
South facing vertical system:  Fall and spring runner production for the 2009 season was 
highest for the first two fall planting dates in 2008, and did not differ among later treatments.  
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Planting date had only a marginal effect on crown numbers at the beginning of the season (P= 
0.060).  For the 2009 fruiting season, crown number for the first five planting dates was 
between 3 and 4 crowns per plant, with the 9 Oct planting date dropping to 2.4 crowns per 
plant (table 2.12).  No significant treatment differences were reported for either early (P=0.92) 
or total (P=0.90) yields (table 2.13).  Lack of significant treatment differences in the data 
collected prevented determining an optimal planting date for the south-facing vertical system.   
Outside Field Comparison:  Fall runner production for ‘Chandler’ decreased with later 
planting dates, with no significant runner production being reported in the 11 Sept. and later 
planting dates (table 2.14).  Crown numbers were not significantly different among the first four 
planting dates, but decreased significantly (P=0.01) with the last two planting dates (Fig. 2.5).  
Likewise, total yields for ‘Chandler’ showed no significant differences among the first four 
planting dates, but total yields decreased significantly (P<0.02) with the last two planting dates.  
Spring runner production was highest for the middle four planting dates.  Taken together with 
crown data it appears that planting dates after 25 Sept. did not allow sufficient vegetative and 
crown growth to support a large crop the following spring.  Total yields for planting dates before 
11 Sept. are not significantly different than yields obtained from the 11 Sept. planting date, 
suggesting only that the optimal planting date for field grown ‘Chandler’ strawberries in 
northern Utah is before the middle of September.   
Fall runner production for ‘Allstar’ did not differ among planting date treatments (table 
2.15).  Crown number at the beginning of the season decreased linearly with later planting date, 
but there were no significant treatment differences for spring runner production.  Total yields 
for ‘Allstar’ also decreased linearly with later planting date (Fig. 2.5).   Based on yield and crown 
number at the beginning of the season, the optimal planting date appears to be before 1 Sept 
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but how much earlier is unclear.   A slight but insignificant increase in both crown number and 
yield between the 31 July and 14 Aug. planting date may suggest that the optimal planting date 
is around 14 Aug.  Additional research is needed to determine the optimal field planting date for 
‘Allstar’.  
System Comparison:  Using 2009 data, a yield time course was prepared to compare 
systems (Fig. 2.6).  For the in-ground annual hill system and the south facing vertical system the 
optimal planting date was determined by the greatest early yield.  In the east/west-facing 
vertical system, greatest early yield was essentially equal for three planting dates.  Therefore, 
total yield was used to select among these three planting dates.  The optimal planting date for 
the field comparison was also determined by total yield.  Based on these criteria, the 28 Aug., 28 
Aug., 25 Sept., and 11 Sept. planting dates were used for the in-ground, east/west vertical, 
south vertical, and the field systems, respectively.  On a per-plant basis, the in-ground system 
had the highest early (329 g/plant) and total (530 g/plant) yield.  The south facing vertical 
system was next with an early yield of 164 grams/plant, and a total yield of 245 g/plant.  The 
east/west facing vertical system had the lowest early yield (131 g/plant), but higher total yield 
(285 g/plant).  However, plant density was highest for the east/west facing system at 21.5 
plants/m2 tunnel area, compared to 16.1 and 7.2 plants/m2 of tunnel space for the south-facing 
and in-ground systems, respectively (table 2.16).  For early yields, the east/west facing vertical 
system maximized yield per tunnel area with 2.82 kg/m2 compared to 2.64 and 2.37 kg/m2 for 
the south facing vertical and the in-ground systems, respectively.  It is therefore concluded that 
productivity of high tunnel space can be maximized by using the east/west facing vertical 
system.  Yield for the field system was 317 g/plant, or 1.84 kg.m-2 at a plant density of 5.8 
plants/m2 (offset double rows with 23 cm in-row spacing and beds on 1.5 m centers).  Using a 
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similar system in North Carolina, Poling (1993) reported yields of 1.7 to 1.8 kg.m-2 whereas 
Black et al. (2002) reported yields of approximately 1.83 kg.m-2.  As can be seen from the yield 
results, high tunnels were very effective in increasing yields, and the east/west-facing vertical 
system maximized yields per tunnel area.  
In a 4.3 m x 29.3 m high tunnel, the east/west-facing vertical system can produce 56.7 
kg more early yield than the in-ground system.  Assuming a 0.45 kg clamshell is sold for $4.00 
per clamshell, this increases a producer’s gross income by approximately $500 per season.  
However, this increase in yield per tunnel area comes with substantial additional costs.  
Compared to the in-ground system, some of the added expenses include building the vertical 
growing system, purchasing or producing additional plug plants, purchasing soil-less planting 
media, additional winter management, and additional harvest labor.  The partial budget shown 
in table 2.17 gives a more detail breakdown of the additional costs and revenues associated with 
the east/west facing vertical system.  The total cost of constructing the gutter system including 
supplies and labor was based on constructing a similar system for this experiment, and was 
estimated to be $13.50 per square meter, or approximately $1,700 for a 4.3 x 29.3 m low-cost 
high tunnel.  Assuming a 6 year useful life, the annual cost or depreciation expense associated 
with this system is $283.  Operating losses of $310 per year combined with the annual 
depreciation expense result in a net loss of $593 per year for the east/west-facing vertical 
system compared to the high tunnel in-ground system.  Future research on high density vertical 
growing systems should focus on increasing yields per plant through better winter management, 
and forcing earlier production.   
High tunnels can effectively be used in Utah as an early season extension technique for 
strawberries.  Strawberries grown in high tunnels began production up to 5 weeks prior to 
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outdoor production.  The east/west-facing vertical system was shown to maximize yield per 
area, but the yield benefits were not sufficient to offset the additional costs of the system in this 
study.  Fall planting date for the in-ground and the east/west-facing vertical systems were also 
optimized for northern Utah conditions.  Two consecutive years of data indicate that the 
optimal fall planting date for early yields in the in-ground system is approximately 1 Sept.  One 
year of data collected from the east/west-facing vertical system also indicates the optimal 
planting date is approximately 1 Sept. 
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Planting date 2007 Daylength (hrs) 2008 Daylength (hrs)
1 7-Aug 14.2 31-Jul 14.4
2 21-Aug 13.6 14-Aug 13.9
3 4-Sep 13.0 28-Aug 13.3
4 18-Sep 12.4 11-Sep 12.7
5 2-Oct 11.7 25-Sep 12.0
6 16-Oct 11.1 9-Oct A 11.4
A Omitted from in-ground system in 2009 due to space constraints
Table 2.1 Planting dates for June-bearing Chandler strawberry plants in each 
year of the experiment, including day length at time of planting.
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Planting Date Fall Runners Beginning crowns Spring runners 
7-Aug 4.89 ± 0.08 3.33 ± 0.29 5.06 ± 3.39
21-Aug 5.17 ± 0.06 4.00 ± 0.25 3.33 ± 0.92
4- Sept 0.05 ± 0.03 4.78 ± 0.36 5.72 ± 1.56
18- Sept 0.00 ± 0.00 3.50 ± 0.10 9.89 ± 2.40
2-Oct 0.00 ± 0.00 3.33 ± 0.25 8.61 ± 1.44
16-Oct 0.00 ± 0.00 2.28 ± 0.15 19.39 ± 0.63
ANOVA
Factor
Planting Date
    Linear
    Quadratic
Predicted optimum 
z
z
 Optimum predicted from fitted quadratic curve
3-Sep 21-Aug
P- value
< 0.001  0.003
0.002 < 0.001   
< 0.001  0.029
< 0.001
< 0.001
< 0.001
5-Oct
Table 2.2.  The effect of Fall 2007 planting date on fall runner, crown, and spring runner 
production for the in-ground system .  Values are reported as numbers per plant with 
standard errors for three replications.  Fall runners are those produced between planting 
and 31 Dec., and spring runners are those produced between 1 Jan. and the end of 
harvest.  Crown numbers were counted at the beginning of the harvest season on 7 May 
08.
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Planting Date Fall runners Beginning crowns Spring runners
31-Jul 6.63 ± 0.18 3.38 ± 0.20 8.46 ± 1.71
14-Aug 4.13 ± 0.75 4.17 ± 0.38 4.63 ± 0.86
28-Aug 0.58 ± 0.22 4.29 ± 0.18 5.54 ± 1.01
11- Sept 0.63 ± 0.17 3.83 ± 0.29 6.42 ± 1.44
25- Sept 0.04 ± 0.04 2.75 ± 0.14 14.83 ± 1.27
ANOVA
Factor
Planting Date
    Linear
    Quadratic
Predicted optimum z
z Optimum predicted from fitted quadratic curve
P- value
< 0.001 0.004 < 0.001   
< 0.001 0.067 0.001
< 0.001 < 0.001   < 0.001   
12-Sep 25-Aug 15-Aug
Table 2.3.  The effect of Fall 2008 planting date on fall runner, spring runner, and crown 
production for the in-ground system.  Values are reported as number per plant with 
standard errors for three replications.  Fall runners are those produced between planting 
and 31 Dec., and spring runners are those produced between 1 Jan. and the end of 
harvest.  Crown numbers were counted at the beginning of the harvest season on 27 Apr 
09.
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Planting Date Total yield 
(g/plant) (% Early) (g/plant)
7-Aug 227 ± 93 43% 530 ± 50
21-Aug 273 ± 36 40% 681 ± 26
4-Sept 478 ± 64 65% 735 ± 53
18-Sept 348 ± 55 65% 537 ± 18
2-Oct 283 ± 72 71% 400 ± 38
16-Oct 85 ± 25 73% 116 ± 37
ANOVA
Factor
Planting Date
    Linear
    Quadratic
Predicted optimum 
z
z
 Optimum predicted from fitted quadratic curve
Early yield
7- Sept 30-Aug
P- value
0.014 < 0.001
0.127 < 0.001
0.002 < 0.001
Table 2.4. The effect of Fall 2007 planting date on early and total 
yields for the in-ground system  in 2008.  Values are reported as 
numbers per plant with standard errors for three replications. 
Early yields are from 5 May to 5 June.
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Planting Date Total yield
(g/plant) (% Early) (g/plant)
31- July 218 ± 48 68% 321 ± 21
14-Aug 250 ± 48 58% 434 ± 50
28-Aug 329 ± 34 62% 530 ± 28
11-Sept 295 ± 39 64% 463 ± 38
25-Sept 228 ± 43 68% 334 ± 53
ANOVA
Factor
Planting Date
    Linear
    Quadratic
Predicted optimum 
z
z
 Optimum predicted from fitted quadratic curve
Early yield
30-Aug 29-Aug
P- value
0.042 0.006
0.427 0.693
0.006 < 0.001   
Table 2.5. The effect of fall 2008 planting date on early and total 
yields for the in-ground system in 2009.  Values are reported  as 
grams per plant with standard errors for four replications.  Early 
yields are from 7 May to 8 June.
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Tower position Total yield
(g/plant) (% of total) (g/plant)
Lower East 12%
Top 25%
Lower West 21%
Planting Date
7-Aug 32 ± 8 22% 143 ± 18
21-Aug 31 ± 12 20% 150 ± 26
4- Sept 33 ± 5 23% 140 ± 17
18- Sept 24 ± 11 16% 144 ± 48
2-Oct 33 ± 9 16% 202 ± 44
16-Oct 29 ± 7 25% 116 ± 25
ANOVA
Factor
Tower position
Planting Date
Linear
Quadratic
Position x Planting date
P -value = 0.05
48 a
16 b
P- value
Early yield 
191 a
130 b
0.542
0.072
0.213
< 0.001
26 b 126 b
0.855 0.479
0.759 0.923
0.4810.943
Table 2.6. The effect of Fall 2007 planting date on early and total 
yields for the east/west-facing vertical system in 2008.  The 
experiment was a split plot design (2 replications) with main plot 
effect of position on tower and sub plot effect as planting date.
Values are reported as per plant means with standard errors. Early
yields are from 5 May 08 to 5 June 08.
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Tower Position Total yield
(g/plant) (% of total) (g/plant)
Upper 22%
Lower 20%
Planting Date
7-Aug 32 ± 5 23% 141 ± 10
21-Aug 29 ± 5 18% 165 ± 43
4-Sept 38 ± 13 36% 106 ± 15
18-Sept 25 ± 9 21% 116 ± 17
2-Oct 20 ± 9 17% 117 ± 27
16-Oct 12 ± 5 14% 90 ± 24
ANOVA
Factor
Tower Position
Planting Date
    Linear
       Slope (g · plant-1 · wk-1)
    Quadratic
Position x Planting date
0.6730.316
P- value
0.7400.059
---1.97
0.088 0.449
0.042 0.074
0.262 0.945
Early yield
116
128
23
28
Table 2.7. The effect of Fall 2007 planting date on early and total yields 
for the south-facing vertical system in 2008.  The experiment was a split 
plot design (2 replications) with main plot effect of position on tower 
and sub plot effect as planting date.  Values are reported as mean 
values per plant with standard errors.  Early yields are from 5 May 08 to 
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Tower Position Fall runners Beginning crowns Spring runners
Lower East
Top
Lower West
Planting Date
7-Aug 1.20 ± 0.07 3.70 ± 0.25 7.03 ± 0.83
21-Aug 3.20 ± 0.09 3.07 ± 0.35 6.51 ± 1.50
4-Sept 0.03 ± 0.01 2.93 ± 0.18 5.43 ± 1.62
18-Sept 0.03 ± 0.02 3.11 ± 0.26 7.38 ± 1.68
2-Oct 0.03 ± 0.00 2.83 ± 0.20 5.87 ± 1.48
16-Oct 0.03 ± 0.00 2.31 ± 0.29 9.95 ± 1.60
ANOVA
Factor
Tower Position
Planting Date
    Linear
       Slope (# · plant-1· week-1) --
    Quadratic
Position x Planting date
0.082
0.6810.4170.678
0.73
6.42
8.39
6.27
2.86
3.22
2.90
0.8660.9530.419
0.72
0.82
< 0.001   
< 0.001   
0.055
P- value
-0.22 -0.10
0.084 0.336
0.002 0.185
0.988
Table 2.8.  The effect of Fall 2007 planting date on fall runner, spring runner, and crown 
production for the east/west-facing vertical system .  The experiment was a split plot design 
(2 replications) with main plot effect of tower position and sub plot effect as planting date.  
Values are mean numbers per plant with standard errors.  Fall runners are those produced 
between planting and 31 Dec., and spring runners are those produced between 1 Jan. and 
the end of harvest.  Crown numbers were counted at the beginning of the harvest season on 
7 May.
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Tower Position Fall Runners Beginning crowns Spring runners 
Upper 
Lower
Planting Date
7-Aug 0.79 ± 0.16 3.65 ± 0.49 14.60 ± 3.45
21-Aug 4.21 ± 0.19 3.78 ± 0.41 11.35 ± 2.32
4-Sept 0.08 ± 0.02 3.28 ± 0.32 12.42 ± 3.66
18-Sept 0.42 ± 0.02 3.00 ± 0.33 11.21 ± 4.34
2-Oct 0.00 ± 0.00 2.69 ± 0.28 12.03 ± 2.60
16-Oct 0.04 ± 0.02 2.18 ± 0.26 12.52 ± 1.50
ANOVA
Factor P- value
Tower Position
Planting Date
    Linear
       Slope (# ·plant-1· week-1) -0.24 -1.50 --
    Quadratic
Position x Planting date
8.39
16.30
2.71
3.48
0.88
0.85
0.945
0.0020.178
0.5230.871
0.886
< 0.001   
< 0.001   
0.785
0.013 0.935
< 0.001   0.608
0.328 0.394
Table 2.9.  The effect of Fall 2007 planting date on fall runner, spring runner, and 
crown production for the south-facing vertical system.  The experiment was a split plot 
design (2  replications) with main plot treatment of tower position and sub plot 
treatment of planting date.  Values are mean numbers per plant with standard errors.  
Fall runners are those produced between planting and 31 Dec., and spring runners are 
those produced between 1 Jan. and the end of harvest.  Crown numbers were counted 
at the beginning of the harvest season on 7 May.
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Tower Position Fall runners Beginning crowns Spring runners z
Lower East
Top
Lower West
Planting Date
31-Jul 5.20 ± 0.29 3.85 ± 0.54 4.07 ± 1.39
14-Aug 2.67 ± 0.46 3.64 ± 0.19 1.18 ± 0.41
28-Aug 1.20 ± 0.29 3.33 ± 0.24 2.33 ± 0.95
11-Sept 0.03 ± 0.03 3.13 ± 0.27 2.90 ± 0.74
25-Sept 0.07 ± 0.04 3.20 ± 0.16 5.69 ± 0.55
9-Oct 0.00 ± 0.00 2.67 ± 0.38 6.73 ± 0.87
ANOVA
Factor
Tower Position
Planting Date
    Linear
       Slope (# ·plant-1· week-1) -- -1.01 --
    Quadratic
       Predicted optimum
Position x Planting date
z
 Arithmatic mean, log transformed data was used to determine significant treatment differences
< 0.001   
1.63
0.4340.1580.725
2.97
3.96
4.53
3.37
3.57
2.98
P-value
0.5490.2960.363
1.50
1.45
< 0.001   0.967 0.002
18- Sept -- 16-Aug
< 0.001   0.138 0.003
< 0.001   0.013
Table 2.10.  The effect of Fall 2008 planting date on fall runner, spring runner, and crown 
production for the east/west -facing system.  The experiment was a split plot design (2 
replications) with tower position as the main plot effect and planting date as the sub plot 
effect.  Values are number per plant with standard errors.  Fall runners are those 
produced between planting and 31 Dec., spring runners are those produced between 1 
Jan. and the end of harvest, and crown numbers were counted at the beginning of the 
harvest season  on 27 Apr.
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Tower Position Total yield
(g/plant) (% Early) (g/plant)
Lower east 35%
Top 66%
Lower west 39%
Planting Date
31-Jul 49 ± 17 34% 143 ± 18
14-Aug 139 ± 35 53% 261 ± 26
28-Aug 131 ± 36 46% 285 ± 30
11-Sept 138 ± 39 56% 247 ± 34
25-Sept 91 ± 16 44% 206 ± 24
9-Oct 92 ± 20 53% 172 ± 26
ANOVA
Factor
Tower Position
Planting Date
    Linear
    Quadratic
   Predicted optimum 
z
Position x Planting date
P -value = 0.05
Early yield
P-value
0.009 0.001
0.619 0.751
203 b
270 a
183 b
79  b
177 a
64  b
< 0.001   
0.001< 0.001   
0.5780.306
5- Sept 3- Sept
0.002
Table 2.11. The effect of Fall 2008 planting date on 2009 early and 
total yields  for the east/west-facing vertical system.   Tower position 
was analyzed as a split plot design (2 replications) with main plot 
treatment as tower position and sub plot treatment as planting date.  
Values are means and standard errors in grams per plant.  Early yields 
are from 7 May to 8 June.
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Tower Position Fall runners z Beginning crowns Spring runners
Upper
Lower
Planting Date
31-Jul 5.13 ± 0.55 3.40 ± 0.07 2.83 ± 1.02
14-Aug 2.75 ± 0.31 3.38 ± 0.32 1.96 ± 0.98
28-Aug 0.83 ± 0.29 3.21 ± 0.22 0.29 ± 0.08
11-Sept 0.17 ± 0.12 3.54 ± 0.34 1.92 ± 0.93
25-Sept 0.04 ± 0.04 3.21 ± 0.04 1.54 ± 0.28
9-Oct 0.00 ± 0.00 2.40 ± 0.25 0.96 ± 0.04
ANOVA
Factor
Tower Position
Planting Date
    Linear
       Slope (# ·plant-1· week-1) -- -0.75 --
    Quadratic
       Predicted optimum
y
--
Position x Planting date
z
 Arithmatic mean, log transformed data was used to determine significant treatment differences
y
 Optimum predicted from fitted quadratic curve
0.0980.4030.589
0.4330.2651.000
0.001 0.059 0.334
18- Sept --
1.78
1.39
3.30
3.08
1.49
1.49
P-value
< 0.001   0.051 0.121
< 0.001   0.024 0.157
Table 2.12.  The effect of Fall 2008 planting date on fall runner, spring runner, and crown 
production for the south-facing vertical system.  The experiment was a split plot design (2 
replications) with main plot treatment as tower position and sub plot treatment as planting 
date.  Values are number per plant with standard errors.  Fall runners are those produced 
between planting and 31 Dec., and spring runners are those produced between 1 Jan. and 
the end of harvest.  Crown numbers were counted at the beginning of the harvest season  
on 27 Apr. 
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Tower Position Total yield
(g/plant) (% Early) (g/plant)
Upper 60%
Lower 63%
Planting Date
31-Jul 131 ± 5 57% 228 ± 25
14-Aug 138 ± 40 55% 250 ± 51
28-Aug 147 ± 31 67% 220 ± 48
11-Sept 154 ± 20 63% 245 ± 35
25-Sept 164 ± 45 67% 245 ± 45
9-Oct 117 ± 26 62% 189 ± 34
ANOVA
Factor
Tower Position
Planting Date
    LinearLinear
    Quadraticuadratic
Position x Planting date
Early yield
159
125
252
207
0.717
0.220
0.594
0.214
0.377 0.484
P-value
0.910 0.909
0.963 0.591
Table 2.13. The effect of Fall 2008 planting date on early and total 
yields for the south-facing vertical system in 2009.   The experiment 
was a split plot design (2 replications) with tower position as the main 
plot treatement and planting date as the sub plot treatment.  Values 
are grams per plant. Early yields are from 7 May to 8 June.
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Chandler
Planting Date Fall runners Beginning crowns Spring runners Total yield
31-Jul 3.56 ± 1.27 4.69 ± 1.92 9.80 ± 2.41 220 ± 69
14-Aug 4.82 ± 0.49 4.10 ± 0.38 16.87 ± 2.84 277 ± 87
28-Aug 2.00 ± 0.29 3.73 ± 0.07 18.53 ± 2.34 232 ± 36
11-Sept 0.39 ± 0.31 3.64 ± 0.34 19.00 ± 3.26 317 ± 91
25-Sept 0.00 ± 0.00 1.38 ± 0.66 17.80 ± 3.71 95 ± 44
9-Oct 0.00 ± 0.00 1.45 ± 0.23 10.47 ± 2.54 84 ± 50
ANOVA
Factor
Planting Date
    Linear
       Slope (# ·plant-1· week-1) -0.48 -0.35 -- --
    Quadratic
       Predicted optimum 
z
z
 Optimum predicted from fitted quadratic curve
0.508 0.627 0.009 0.125
-- -- 6- Sept --
< 0.001 0.010 0.786 0.074
P- value
< 0.001 0.118 0.141 0.173
Table 2.14.  The effect of Fall 2008 planting date on runner and crown number, and yield 
for the 'Chandler' field comparison.  Values are number or grams per plant with standard 
errors for six replications. Fall runners are those produced between planting and 31 
Dec., and spring runners are those produced between 1 Jan. and the end of harvest.  
Crown numbers were counted at the beginningof harvest on 27 Apr.
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Allstar
Planting Date Fall runners Beginning crowns Spring runners Total yield
31-Jul 0.54 ± 0.54 3.78 ± 0.24 15.33 ± 2.16 458 ± 37
14-Aug 0.78 ± 0.31 4.00 ± 0.10 15.13 ± 3.32 498 ± 67
28-Aug 0.00 ± 0.00 3.17 ± 0.19 17.80 ± 0.61 301 ± 20
11-Sept 0.00 ± 0.00 2.50 ± 0.19 17.13 ± 1.34 204 ± 30
25-Sept 0.00 ± 0.00 1.61 ± 0.06 16.60 ± 2.39 87 ± 21
9-Oct 0.00 ± 0.00 1.72 ± 0.11 13.47 ± 1.05 48 ± 23
ANOVA
Factor
Planting Date
    Linear
       Slope (# ·plant-1· week-1) -0.07 -0.26 -- -48.2
    Quadratic 0.413 0.628 0.166 0.824
0.035 < 0.001 0.745 < 0.001
P- value
0.164 < 0.001 0.689 < 0.001
Table 2.15.  The effect of Fall 2008 planting date on runner and crown number, and yield for 
the 'Allstar' field comparison.  Values are number or grams per plant with standard errors for 
six replications. Fall runners are those produced between planting and 31 Dec., and spring 
runners are those produced between 1 Jan. and the end of harvest.  Crown numbers were 
counted at the beginningof harvest on 27 Apr.
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Table 2.16.  Plant density for high tunnel growing systems
Plants per m2   z
y Ground system 7.2
x East/west facing vertical system 21.5
w South facing vertical system 16.1
z Accounts for maintenance space and aisle ways based on 
experimental high tunnel layout.  Plant density may be 
different with different high tunnel layouts.  See figures A.2 
and A.4 for layout.
y 30 cm between row spacing, 23 cm in-row spacing, beds on  
1.37m centers
x 23 cm in-row spacing
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Additional Revenue
Sales 500$      
Additional Expenses
Winter management 100$      
Picking 100$      
Form raised beds (210)$     
Soilless planting media 320$      
Plug plants 500$      
Total Additional Expenses 810$      
Yearly Operating Profit (loss) (310)$     
Annual Cost of Vertical System 283$      
Net Income (loss) (593)$     
Useful Life yrs 6
Capital Expense
Construction and Supplies 1,700$    
Annual Cost of Vertical System 283$      
Table 2.17. Partial budget comparing the east/west-
facing vertical system to the in-ground system for a 
4.3 x 29.3 m low-cost high tunnel
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Figure 2.1.  The effect of fall planting date on runners, branch crown formation and early yields 
for the in-ground system.  Early yields were the first five weeks of harvest for both years, and 
corresponded with production prior to the beginning of the field season.  Crown number per 
plant is reported for the beginning of the harvest season.  Fall runners are those produced 
between planting and 31 Dec. and spring runners are those produced between 1 Jan. and the 
end of harvest.  Curve fitting equations can be found in table A.1. 
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Figure 2.2.  Root zone temperature fluctuations of the vertical growing system compared to the 
in-ground system.  Data were collected at 1 hour intervals and represent the averages for 1 Jan 
2008 to 30 Jan 2008.  Extreme root zone temperatures in the vertical growing systems were        
-10°C and 21°C.  Meanwhile extreme root zone temperatures in the in-ground system were 0°C 
and 5°C. 
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Figure 2.3.  The effect of planting date on runners, branch crown formation and early yields for 
the east/west facing vertical system.  Early yields were the first five weeks of harvest for both 
years, and corresponded with production prior to the beginning of the field season.  Crown 
number per plant is reported for the beginning of the harvest season.  Fall runners are those 
produced between planting and 31 Dec. and spring runners are those produced between 1 Jan. 
and the end of harvest.  Curve fitting equations can be found in table A.2. 
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Figure 2.4.  The effect of planting date on runners, branch crown formation and early yields for 
the south facing vertical system.  Early yields were the first five weeks of harvest for both years, 
and corresponded with production prior to the beginning of the field season.  Crown number 
per plant is reported for the beginning of the harvest season.  Fall runners are those produced 
between planting and 31 Dec. and spring runners are those produced between 1 Jan. and the 
end of harvest.  Curve fitting equations can be found in table A.3.  
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Figure 2.5.  The effect of planting date on runners, branch crown formation and total yields for 
the outside field comparison for both ‘Chandler’ and ‘Allstar’.  Crown number per plant is 
reported for the beginning of the harvest season.  Fall runners are those produced between 
planting and 31 Dec. and spring runners are those produced between 1 Jan. and the end of 
harvest.  Curve fitting equations can be found in table A.4.  
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Figure 2.6.  2009 fruit production time course comparing production systems.  Planting date 
treatments of 28 Aug., 28 Aug., 25 Sept., and 11 Sept. planting dates were used for the in-
ground, east/west-facing vertical, south-facing vertical, and field growing systems, respectively. 
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CHAPTER 3 
ENTERPRISE BUDGET FOR HIGH TUNNEL JUNE-BEARING STRAWBERRY PRODUCTION 
 
Introduction 
Strawberries can be grown in the Intermountain West region of the United States.  
However, this region does not naturally provide ideal strawberry growing conditions for 
extended periods.  Temperatures in the early spring are sub-optimal, while summer 
temperatures are typically super-optimal (Moller and Gillies, 2008).  The production window for 
June bearing strawberries in Northern Utah generally starts in mid to late May and lasts through 
mid to late June, depending on local climatic conditions.  Utah’s production window also 
coincides with peak national production and depressed wholesale prices (Pollack and Perez, 
2008).  Research from the Utah State University high tunnel research project indicates that June-
bearing strawberry production in Utah is approximately a break-even business venture.  The use 
of high tunnels offers an alternative approach for Intermountain West strawberry growers.  High 
tunnels have been successfully used to manipulate temperature and extend the growing season 
for many crops including strawberries (Demchak, 2009; Demchak et al., 2006).  By extending the 
growing season earlier into the spring, direct market-oriented producers are better able to 
attract new customers, maintain current customers, and take advantage of higher out-of-season 
prices.     
This paper includes an enterprise budget for high tunnel strawberry production (table 
3.1), as well as a partial budget that compares June-bearing high tunnel strawberry production 
to traditional field production (table 3.2).  This high tunnel budget is based on a system 
developed at the USU Greenville Research Farm in North Logan, UT (Rowley et al., 2010a; Ch.6).  
Both the high tunnel and field systems are similar to the annual hill system originally developed 
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in California, and adapted to cold climates (Black et al., 2002; Poling, 1993).  This system consists 
of fall planted strawberry plug plants, on raised beds that are covered with plastic mulch.  
Included in this paper is an explanation and discussion of some of the major costs involved in 
high tunnel June-bearing strawberry production, as well as some of the alternatives that might 
be considered.  Unless otherwise specified, prices in this budget were recorded as supplies were 
purchased from local retailers for use in high tunnel strawberry production.  The amount of 
supplies used in establishing and maintaining the high tunnel strawberry planting, as well as 
production was recorded and adjusted for commercial production in a 14 ft wide by 96 ft long 
high tunnel (Black et al., 2008).   
This enterprise budget is broken into two parts.  The first section of the budget includes 
annual operating receipts and costs (yearly income and expenses from operations).  The second 
section describes the capital investment expenses and gives an annual depreciation expense for 
the capital investments.  Depreciation is an accounting tool used to match the portion of the 
capital expense to the period in which it was used. This budget uses the straight line 
depreciation method and will assume no salvage value at the end of the useful life.  This means 
that the total cost of the capital investment (high tunnel, irrigation system, etc.) was divided by 
the useful life of the investment and recorded as the annual depreciation cost, or the 
depreciation expense for using the assets each year.  Based on experience from the Utah State 
University high tunnel project, the estimated useful life of a low-cost high tunnel is 
approximately 6 years.  The useful life of the irrigation system is assumed to be the same.  
  
Sales 
Production data are based on an early September plug planting date of ‘Chandler” 
strawberries.  Yield data were collected and averaged over a two year period in North Logan UT, 
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with early production ranging from 0.96 to 1.3 lbs of fruit per plant.  June bearing strawberry 
varieties typically produce berries for approximately 6 to 8 weeks.  High tunnels are generally 
about 1 month earlier than outside production for similarly planted systems, so competition 
from field-produced locally grown strawberries will be minimal during that first month of early 
production.  Price charged will depend on market options.  However, even with California 
strawberries in the grocery stores, we have had no problem selling 100 lbs per week at $3.00/lb 
at a small local farmers’ market.  Price premiums for out of season fruit will also depend on local 
market options.  Researchers in New York suggest that consumers are willing to pay up to 
double regular season price for out of season produce (Koester and Pritts, 2003).  Our limited 
experience suggests that a 50% markup over regular season prices is a reasonable price to start 
with. We have generally sold in-season strawberries for $3.00 for a 1 pound clamshell and out-
of-season strawberries for $4.50 per 1 pound clamshell.  
 
Supplies 
Plug plants are difficult to obtain in Utah and the price will vary depending on the 
source.   Where a commercial plug plant industry is established, typical plants prices are $0.26 
per plant (Poling, personal communication).  Shipping costs will also need to be considered for 
plugs that are shipped.  Strawberry plug plants can also be propagated on site.  However, 
individual growers will need to carefully consider all costs associated with plug production such 
as the cost of greenhouse space, potting soil and trays, etc.  For information on producing 
strawberry plug plants see the fact sheet available on the USU Extension website (Rowley et al., 
2010b; Ch.7).  
 
Labor 
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Bed Preparation: Bed preparation can be very laborious as most of the labor will need to 
be done by hand in the low-cost high tunnels that we use (Black et al., 2008).  Alternatively, low-
cost high tunnels can be disassembled to allow the use of tractors for bed preparation.  From 
our experience, a low-cost high tunnel can be disassembled and moved out of the way by two 
workers in about 1 to 2 hours.  Re-assembly takes slightly longer.  Larger more permanent 
tunnels can be constructed to allow for entry of larger tillage and bed shaping equipment (Dye 
et al., 2006).   However, larger tunnels are significantly more expensive. 
Hand Harvest:  Harvest labor is the largest cost associated with growing strawberries, 
and is difficult to reduce.  However, growers might consider building or buying picking carts to 
assist laborers.  Strawberry picking costs for the USU high tunnel project were estimated to be 
20 min per 100 ft of double row bed, plus 4 min for every 1 pound clamshell of strawberries 
harvested.  Harvest labor is estimated for 9 weeks of harvest, or 18 harvests. 
 
Tunnel Construction 
The initial cost of the high tunnel will vary by type and size.  The price given in this 
enterprise budget is for a low cost high tunnel developed at Utah State University (Black et al., 
2008).  Prices for commercially purchased steel-framed high tunnels are generally significantly 
higher.  However, these structures are more permanent, and the larger size may accommodate 
equipment that would reduce some hand labor.  
 
Irrigation System 
This enterprise budget assumes that a year-round water source is located in close 
proximity to the high tunnel(s).  If this is not the case, installation of such a system will be 
required and need to be accounted for.  While fertigation is the preferred means of managing 
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fertility, other methods may be employed.  The largest cost associated with irrigation system is 
the fertilizer injector station.  However, with a little planning and minimal effort, a single injector 
station can be located next to the water source, and serve multiple high tunnels and crops.  
 
Net Income 
Based on the management system developed at the Utah State University high tunnel 
research facilities, net income for a 14 x 96 ft low-cost-high tunnel is estimated to be $1,697.  
This includes total sales of $4,354 less total expenses of $2,657.  Total expenses include annual 
operating expenses, or the expenses associated with yearly production; as well as the annual 
depreciation costs of the high tunnel and irrigation system.  Because the high tunnel and 
irrigation systems are used over multiple years, an equal portion of their total cost 
(depreciation) was assigned to each year that they were expected to remain in service (6 yrs).    
 
High Tunnel vs. Field Planting 
 A partial budget comparing the economics of high tunnel vs. field production can be 
seen in table 3.2.  Added returns from the high tunnel are the total sales provided by the high 
tunnel.  Reduced returns indicate the reduced sales that can be expected when comparing a 
traditional field planting to a high tunnel planting.  These returns are based on reduced yields 
from field planting as well as the absence of price premiums for out-of-season strawberries.  
Added costs for the high tunnel are the added supplies and labor that is required in high tunnel 
strawberry production based on the management system developed at the Utah State 
University high tunnel research facilities.  Our results indicate that a 14 x 96 ft long high tunnel 
increases net income by $1,658 compared to an equivalent field planting.     
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Table 3.1. High Tunnel June-bearing Strawberry Enterprise Budget for 14' x 96' 
low-cost high tunnel.
Sales units quantity unit price total
Early Out-of Season Strawberries 1 lb clamshells 837 $4.50 $3,766.50
In-Season Strawberries 1 lb clamshells 196 $3.00 $587.25
Total Sales $4,353.75
Supplies
Preplant and preperation costs
Soil Test each 1 $14.00 $14.00
fuel gal 0.38 $2.50 $0.94
Preplant fertilizers and soil ammendments lbs 2.25 $15.00 $33.75
plastic mulch ft 281 $0.05 $14.06
drip tape ft 563 $0.05 $28.13
Strawberry Establishment and growth
Plug plants each 743 $0.26 $193.05
20-20-20 water soluable fertilizer mix lbs 11.34 $1.23 $13.95
10-30-20 water soluable fertilizer mix lbs 2.84 $1.49 $4.22
Captan lbs 0.43 $9.82 $4.20
Thionex 50 W lbs 0.03 $7.51 $0.20
Strawberry Harvest
1 lb clamshells each 1033 $0.21 $216.88
Total Supplies $523.38
Labor
Preplant and preperation costs
soil test hours 0.5 $10.00 $5.00
Apply preplant fertilizers hours 0.75 $10.00 $7.50
Tillage hours 7.5 $10.00 $75.00
Form raised beds hours 21 $10.00 $210.00
cover with plastic mulch hours 3.75 $10.00 $37.50
install drip tape hours 0.75 $10.00 $7.50
Strawberry Establishment and growth
Planting labor hours 6 $10.00 $60.00
Fertigation hours 2 $10.00 $20.00
pesticide applications hours 4.5 $10.00 $45.00
hand weeding hours 4 $10.00 $40.00
plastic and shade cloth hours 12 $10.00 $120.00
Monitoring and ventilation hours 30 $10.00 $300.00
Strawberry Harvest
Hand harvest hours 86 $10.00 $861.32
Post Harvest
House clean out hours 4.5 $10.00 $45.00
Total Labor $1,833.82
Annual Operating Expenses (supplies and labor) $2,357.19
Annual Depreciation Cost of High Tunnel $241.17
Annual Depreciation Cost of Irrigation System $58.82
*annual costs detailed on next page
Total Expenses $2,657.18
Net Income $1,696.57
1- 96 ft tunnel
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units Useful life (yrs) quantity unit cost total
Tunnel Construction
High Tunnel  
High Tunnel each 6 1 $497.00 $497.00
High Tunnel Construction Labor hours 6 25 $10.00 $250.00
6 mil Greenhouse film  24'x100' sheet 3 2 $200.00 $400.00
Shade Cloth 20' x 100' piece 6 1 $300.00 $300.00
Total $1,447.00
Annual Depreciation Cost of High Tunnel $241.17
Irrigation system
3/4" poly pipe ft 6 14 $0.42 $5.88
1" valve each 6 1 $5.15 $5.15
misc fittings each 6 10 $1.00 $10.00
drip hose adapter each 6 6 $0.56 $3.36
*injector each 6 1 $265.00 $265.00
* filter each 6 1 $12.50 $12.50
* pressure regulator each 6 1 $11.00 $11.00
*Instalation hours 6 4 $10.00 $40.00
Total $352.89
Annual Depreciation Cost of Irrigation System $58.82
*can be used for multiple high tunnels
 
  
  
 
53 
 
Added returns from high tunnel 4,354$    
Reduced returns from Field 1,584$    
Added costs for high tunnel
Supplies
Clamshells 108$        
Labor
Hand harvest 343$        
Plastic and Shade 120$        
Monitoring and ventilation 300$        
Annual cost of high tunnel 241$        
1,112$    
Net income for HT compared to field 1,658$    
Table 3.2. Partial budget comparing a 14' x 96' 
low-cost high tunnel planting of June-bearing 
strawberries to an equivalent field plantation.  
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CHAPTER 4 
LATE SEASON STRAWBERRY EXTENSION USING DAY-NEUTRAL CULTIVARS IN HIGH TUNNELS 
 
Introduction 
The fresh strawberry industry in the US is dominated by California and Florida, which 
have regions with long seasons of ideal growing conditions (Sjulin, 2003).  Ideal growing 
conditions for strawberries occur when temperatures are between 20 and 26˚C. Sub-optimal 
temperatures < 20°C retard the growth and development of both the strawberry plant and fruit.  
Super-optimal temperatures above 35° C, cause the strawberry plant to stop growing (Galletta 
and Bringhurst, 1990), and can be detrimental to plant health. While large strawberry 
production regions in California and Florida naturally provide these ideal growing conditions, 
Utah does not (Moller and Gillies, 2008).  The objective in performing this research study was to 
use high tunnels as a means to provide more ideal growing conditions so that local farmers can 
produce top quality strawberries for an extended period of time that can be sold for a premium 
price at local markets.   
 In commercial strawberry plantings, fall planted June-bearing cultivars are generally 
preferred for early season annual hill production because they tend to produce a large flush of 
fruit early in the season.  However, June-bearing strawberries have a finite flowering period that 
is limited by photoperiod and temperature (Durner et al., 1984).  On the other hand, day-neutral 
cultivars are insensitive to photoperiod and will continue to flower as long as temperatures are 
between 4 and 29° C (Hancock and Handley, 1998; Pritts and Dale, 1989).  In many production 
areas including areas in the Northeast United States, day-neutral cultivars are increasingly being 
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used to extend the growing season and produce strawberries throughout the summer (Pritts 
and Dale, 1989). 
While strawberries can be produced in the Intermountain West region, the short 
growing season and nationally depressed prices during peak production (Pollack and Perez, 
2008) limit profitability for local farmers.  Local production for June-bearing strawberries in 
Northern Utah generally starts in late May and last through mid to late June, depending on local 
climatic conditions.  Local day-neutral production is limited by super-optimal temperatures.    
High tunnels have been successfully used to manipulate temperature and extend the 
growing season for a number of crops, including flowers (Rasmussen and White, 2006), 
vegetables (Orzolek et al., 2006), and small fruits, including strawberries (Demchak, 2009; 
Demchak et al., 2006).  High tunnels can be used both to advance the June-bearing strawberry 
season, as well as to encourage early growth on late winter planted day-neutral cultivars.  This 
early growth allows day-neutral plants to become sufficiently established such that they are 
capable of producing a fairly substantial crop before super-optimal summer temperatures begin 
to limit flower formation (Pritts and Dale, 1989).  Plants generally begin yielding as June- bearing 
cultivars finish their production cycle.   Thus, through a combination of planting both June-
bearing and day-neutral cultivars in high tunnels, significant spring/summer strawberry 
production is possible for more than 10 weeks, compared to a 3 to 4 week production window 
that is seen with field grown June-bearing plants.  Results for early season high tunnel 
strawberry extension from Utah State University’s high tunnel program are included in a 
companion paper (Ch. 3).  This paper will focus specifically on our efforts to extend strawberry 
production into the summer and fall using day-neutral cultivars in high tunnels.   
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One of the limiting factors in Intermountain West region for day-neutral production is 
the lack of optimal growing temperatures for extended periods of time.  Because of this 
limitation, two methods were used to manipulate temperature in addition to the high tunnel.  
During the early spring and late fall, low tunnels were used inside the high tunnels to increase 
temperatures for plant growth.  Low tunnels are similar to high tunnels, generally only 41 to 46 
cm tall and covering only one row, or one bed of strawberries (Galletta and Bringhurst, 1990).  
Low tunnels can be used alone or in combination with high tunnels, and have been used in a 
number of crops with varied success (McIntosh and Klingaman, 1993; Roberts and Whitworth, 
1993; Takeuchi and Motsenbocker, 2005).  In addition to evaluating low tunnels for strawberry 
season extension, high tunnel plastic was replaced by shade cloth in the summer to reduce 
temperatures.   
This focus of this study was to optimize management systems for late season extension 
of strawberry production in the Intermountain West region of the United States.  Specific 
objectives for this study were 1) to quantify the season extension benefits that result from using 
day-neutral cultivars in high tunnels, 2) to identify a suitable day-neutral cultivar for high tunnel 
production, 3) to examine temperature manipulation methods for use in combination with high 
tunnels to more closely optimize growing conditions, 4) to examine the possibility of using 
summer planted plug plants for increased fall production.   
Materials and Methods 
2008:  Three raised beds 60 cm wide and 20 cm high were formed in a 4.3 m by 12.8 m 
high tunnel (Black et al., 2008).  Beds were on 1.35 m centers, covered with black plastic mulch 
with drip irrigation.  The beds were divided into 24 plots arranged in a split-plot design.  Each 
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row was considered a replication, and was divided into two main plots that were either covered 
with a low tunnel or left uncovered.  Each main plot was then further divided into four sub plots 
consisting of eight plants of one of four cultivars.    
Low tunnels were constructed by bending a 1.5 m piece of 1.25 cm diameter steel 
electrical conduit to form an inverted U shape that was approximately 76 cm wide and 38 cm 
tall.  Two 60 cm pieces of 1 cm diameter rebar were then driven into the ground 45 cm on 
opposite sides of the bed, and the arch was set on top of the protruding ends.  Arches were 
placed every 1.5 m along the bed and twine was stretched between arches to support a piece of 
2 mil construction-grade plastic.  Low tunnels were used until mid May and then again beginning 
in mid September, but were removed during the summer.  Low tunnels were managed in much 
the same way as the high tunnel.  The target canopy temperature was 20° C and ventilation of 
both low and high tunnels was managed on a daily basis to best maintain the target 
temperature.   
  Dormant bare root plants of four day-neutral cultivars were planted in late February in 
offset double rows with 30 cm within and between rows (4.8 plants . m-2).  Plots were managed 
as a spring-planted annual hill system patterned after the day-neutral production methods used 
in Ontario, Canada (Pritts and Dale, 1989). 
Four day-neutral cultivars ‘Albion,’ ‘Seascape,’ ‘Evie 2,’ and ‘Tribute’ were selected for 
evaluation in Northern Utah high tunnels.  ‘Albion’ is a recent day-neutral release from the 
University of California, and originated from a cross between ‘Diamante’ and the advanced 
selection Cal 94.16-1. ‘Albion’ is described as being similar to ‘Diamante,’ but with higher quality 
fruit, lower cull rate, and darker fruit.  In comparison to ‘Aromas’, ‘Albion’ is described as having 
larger, higher quality, firmer, and better-flavored fruit (Shaw and Larson, 2006).  The next 
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cultivar ‘Seascape’ is a 1991 University of California release.  ‘Seascape’ is described as 
producing berries that are as large as or larger than ‘Selva,’ but is less productive and somewhat 
less strongly day-neutral in comparison to ‘Selva’ (Galletta, 1997).  The third cultivar, ‘Evie 2’ was 
selected in 1998 by Edward Vinson Plants Ltd, and has recently been imported into the U.S. from 
England.  ‘Evie 2’ is described as being an extremely high yielding cultivar with more consistent 
cropping patterns under heat stress in comparison to ‘Everest.’  ‘Evie 2’ is also described to have 
large fruit size, excellent fruit shape, and good tolerance to Powdery Mildew (Edward, 2010).  
The final cultivar ‘Tribute’ was introduced in 1981 by D.H. Scott and A.D. Draper in cooperation 
with Maryland Agriculture Experiment Station and the U.S. Department of Agriculture.  ‘Tribute’ 
inherited the day neutral trait from a University of California selection which had parentage 
from a plant collected in the Wasatch Mountains of Utah.  Fruit is described as medium to small 
depending on the season.  The plant produces in the spring and then again in late summer and 
fall. ‘Tribute’ is also resistant to five races of red stele root rot and powdery mildew (Galletta, 
1997). 
2009: Data on yield, fruit size, and fruit quality for 2008 indicated that ‘Tribute’ was not 
a viable cultivar for high tunnel strawberry production at this location, and was omitted from 
subsequent studies.  Additionally, low plant vigor was observed in the strawberry plants late in 
the 2008 season.  It was determined that in 2009 one half of the plants would be replanted with 
plug plants after the spring flush of production, in an effort to obtain more vigor and production 
in the fall (Pritts and Dale, 1989).   
The 2009 experiment was modified as follows.  Dormant bare root plants of day-neutral 
cultivars ‘Albion,’ ‘Seascape,’ and ‘Evie 2’ were planted in a split-split plot design on 26 Feb. 
2009 in a 4.3 m wide by 14.6 m long high tunnel. The high tunnel was arranged such that there 
  
 
59 
 
were three beds that were each 14.6 m long, with an east-west orientation.   Plants were 
planted in the annual hill system described above, with bed spacing remaining at 1.35 m from 
center to center and plant spacing at 30 cm in and between rows (4.8 plants . m-2).  Each row 
was considered a replication and was divided in half to form main plots of spring planted and 
spring planted with summer replant.  Main plot treatments were initially planted on 26 Feb. 
2009.  Summer replanted main plots were then removed on 28 July 2009 and replanted with 
plug plants on 30 July 2009.  Spring planted main plots remained intact.  Each main plot was 
divided into sub plots that were either covered with a low tunnel or left uncovered.  In addition, 
soil heating cables (Mor Electric Heating Assoc., Inc, Comstock Park, MI) were installed in the 
beds under the low tunnels.  Soil heat cables were buried 2 to 3 cm deep prior to planting.  Each 
bed contained three strands of cable that were arranged such that one strand was in the middle 
of the bed with the other strands being offset on each side by 23 cm.  The heating cables were 
controlled by a soil thermostat that was activated when root zone temperatures dropped below 
4°C.  Each sub plot was divided into 3 sub-sub plots each containing 6 plants.  Cultivars were 
randomized within the sub-sub plots. 
Plug plants were produced as described in chapter 7 (Rowley et al., 2010).  Briefly, 
mother plants were obtained from a commercial nursery and established in media-filled PVC 
gutters in a greenhouse maintained at 24°/18° C day/night temperatures and 16 h photoperiod.  
Runner tips were collected approximately 30 days before the scheduled tunnel planting date, 
and transferred to 50-cell plug trays containing a 1:1:1 peat: perlite: vermiculite potting mix.  
Runner tips were maintained in a greenhouse under intermittent mist for 20 days and then 
removed from mist and held in the greenhouse for an additional 10 days prior to planting 
(Rowley et al., 2010).   
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Data collection: Throughout both growing seasons, ripe fruit was harvested twice 
weekly.  Total mass of ripe fruit was determined for individual plots and average fruit size was 
determined on a 10-fruit sample.  Runners were counted and removed on a weekly basis, and 
monthly crown counts were made throughout the growing season.  
High Tunnel Management:  High tunnels were managed to maintain optimal growing 
temperatures for strawberries, which are between 20 and 26˚C (Galletta and Bringhurst, 1990).  
Thus high tunnels were closed when temperatures were below 20° C and opened when 
temperatures were greater than 26° C.  During the summer months when daytime temperatures 
were consistently super optimal, the plastic covering was removed and replaced with 40 percent 
light reduction shade cloth. The plastic was re-attached to the tunnels in mid-September when 
outdoor temperatures began to decrease. 
Field Comparison:  For both production years, an outside field comparison was planted.   
Planting occurred as soon as field conditions would allow.  Outside planting occurred on 28 May 
2008 and approximately 1 May 2009.  Plants were planted in offset double rows on raised beds 
similar to the high tunnels.  The only difference between the field and high tunnel plantings 
were the bed spacing.  Raised beds for the field planting were on 1.5 m centers compared to 
1.35 m centers for the high tunnel planting.  In- and between-row spacing was maintained at 30 
cm for a plant density of 4.4 plants/m2.  For the 2008 season all four cultivars (‘Albion,’ ‘Evie 2,’ 
‘Seascape,’ and ‘Tribute’) were planted in a completely randomized block design with 6 blocks 
and 8-plant plots.  During the 2009 season, the outside field comparison was planted with 3 
cultivars (‘Albion,’ ‘Evie 2,’ and ‘Seascape’) in a split plot design, with three replicate blocks.  The 
main plot treatment consisted of covering the plants with floating row covers during periods of 
sub-optimal temperatures compared to leaving them uncovered. Sub-plot treatment was 
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cultivar.  During the 2009 season, each subplot contained six plants, identical to the high tunnel 
plots. 
 
Results and Discussion 
 
 
 In this experiment, high tunnels, high tunnels in combination with low tunnels, and 
shade cloth were used to modify temperatures.  Our results showed that each of these 
treatments generally had a favorable effect on temperatures, but did not always increase yields.  
In addition to evaluating temperature modification treatments four day-neutral cultivars were 
evaluated for use within a high tunnel environment. 
Temperature Effect:  2009 Monthly temperature extremes for high tunnels, high tunnels 
in combination with low tunnels, and shade cloth can be seen in table 4.1.  High tunnels 
effectively increased  early spring and late fall temperatures, providing as much as a 4.2°C 
temperature increase compared to the outside minimum air temperature in late March (table 
4.1).  High tunnels also provided more hours of optimal growing conditions per day in the early 
spring (Fig 4.1, March 2009), and late fall (Fig 4.1, October 2009).  High and low tunnels were 
managed for a target temperature of 20 to 26°C; however, some management errors resulted in 
temperatures exceeding the optimal range for strawberry production (note HT and HT+LT 
maximum temperatures for different periods in table 4.1).    
  For the 2009 season, soil heating cable was installed to enhance the low temperature 
buffering effects of the low tunnels.  While a replicated comparison of the effects of soil heating 
cable was not performed, a comparison of late fall temperatures between 2008 and 2009 (table 
4.2) suggests that soil heating cable can effectively buffer against cooler temperatures (note the 
average minimum temperature between HT and HT+LT+C for HT temperatures >4°C, and <4°C  
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where soil heating cable thermostat was set).  Table 4.1 shows that the Dec. 2009 outside 
minimum air temperature at a 23 cm height was -23.6°C, compared to  -13.0°C in the high 
tunnel and  -4.0°C in the low tunnel.  It appears that each level of protection (high tunnel, low 
tunnel, and heat cable) had diminishing effects on temperature.  For example it took both soil 
heat cable and low tunnels to obtain a 9°C temperature increase over the high tunnel, whereas 
the high tunnel alone provided an 11°C temperature lift over outside conditions.  However, only 
the combination of high tunnel, low tunnel, and soil heat cable were effective in protecting 
flowers and fruit during this period of time.   
During the summer months (June to August) the high tunnel plastic was removed and 
replaced with shade cloth to decrease hot summer temperatures.  Shade cloth was effective in 
reducing the temperature by up to 4°C during the hottest parts of the day (Fig 4.1, July 2009).  
While the effect of shade cloth was not measured under replicated conditions, it appeared to 
contribute to plant health, with a slight but insignificant increase in yields and berry size.  Future 
research should more closely evaluate the effects of mid-summer shade on strawberry 
production. 
Low Tunnel Effects:  Low tunnels were evaluated for their effect on yield and berry size 
for three distinct production periods.  The early-summer production period included the initial 
peak of harvest, beginning at the first harvest (20 May 2008, and 1 Jun 2009) and ending with 
the week of 4 Aug in both years (approximately 12 weeks) (Figs 4.2 & 4.3).  This early-summer 
period represented the early peak of production and only included 2 to 3 weeks of significant 
outdoor production.  Late-summer production was considered to be after the peak high tunnel 
production, and before the outdoor production was limited by fall frost.  This period was 
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defined as the week of 11 Aug through 12 Oct (10 weeks).  The fall production period began the 
week of 13 Oct and lasted through the week of 15 Dec (9 weeks).  
During the 2008 season, significantly greater early summer and total yields were 
obtained when strawberries were grown under low tunnels inside the high tunnels when 
compared to high tunnels alone.  Averaged across all varieties, low tunnels increased early 
summer yield by 79 g/plant, and total yield by 120 g/plant (table 4.3).  Fall yields showed a 
significant low tunnel  × Cultivar interaction (tables 4.3 & 4.4), which is attributed to increased 
infections of grey mold in ‘Evie 2’ and ‘Tribute’ due to the high humidity environment under the 
low tunnel.   Late yields for ‘Tribute’ yields remaining equal and ‘Evie 2’ yields were reduced by 
an estimated 50 to 75 percent.  Yields for both ‘Albion’ and ‘Seascape’ were greater under the 
low tunnels (table 4.4).  Low tunnels did not have any significant effect on size in 2008 (table 
4.5). 
During the 2009 season, soil heat cable was evaluated as a method for enhancing plant 
protection beneath the low tunnels.  While data suggest that soil heat cable was effective in 
minimizing extreme low temperatures (table 4.2), yields were not significantly affected by the 
additional temperature manipulation (table 4.6).   In addition, berry size was significantly 
smaller under LT compared to HT (table 4.7).  The cause of decreased berry size and lack of 
significantly increased yields is not known, and should be the subject of future research.  One 
hypothesis for the negative effect of low tunnels on yield and berry size is the extreme 
maximum temperatures under the low tunnels due to mismanagement in the spring.  Table 4.8 
shows the hours of extreme high temperatures that were recorded for selected temperature 
ranges.  These extreme maximum temperatures likely reduced the viability of the pollen in some 
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of the larger primary and secondary fruit.  Thus the potential yield benefits from low tunnels 
were reduced, and  berry size decreased.   
While the combination of low tunnels and soil heat cable did not significantly affect 
yield from May through Nov. 2009 (table 4.6), plants that were protected with soil heat cable 
and low tunnels were observed to fruit and flower into April 2010, with expected year round 
production.  Low tunnels and soil heat cable appeared to protect flowers in the lower levels of 
the canopy during the extreme winter temperatures when flowers in the upper canopy and in 
the high tunnels (without additional protection) were killed.  While low tunnels and soil heat 
cable facilitated year round production, yields were extremely low, size was small, and quality 
was poor, and their use is not recommended.  
Summer Replant:  During the 2008 fall production period, lack of plant vigor appeared 
to limit production.  In 2009, a subset of plots was replanted in an effort to increase fall vigor 
and fruit production.  Replanting was done with plug plants after the first large flush of fruit was 
produced.  Replanting did not significantly improve production (table 4.6).   
Cultivar Selection:  In 2008, the first high tunnel harvest occurred on 20 May, with all 
high tunnel treatments coming into production during the week of 26 May (Fig 4.2).  Production 
for all cultivars peaked between 7 and 21 July.  Production then decreased in the first part of 
August with a slight rise in production during September and October before decreasing in 
November (Fig. 4.2).  Significant production occurred through November, with the last harvest 
taking place on 15 Dec.  Table 4.3 shows the 2008 yield results for the four cultivars evaluated.  
With the exception of fall yields, which were dramatically reduced as a result of grey mold, 
‘Evie2’ had the highest yield, although it was only statistically greater than ‘Albion.’  Average 
berry size favored ‘Albion’ in the early summer and fall.  However Albion was not significantly 
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larger than ‘Evie 2’ during either of these periods (Fig 4.4).  ‘Evie 2,’ however, was significantly 
larger than both ‘Albion’ and ‘Seascape’ during the late summer period.  ‘Tribute’ produced 
significantly smaller berries in all periods (table 4.5).  
The 2009 season produced similar results in high tunnels (Fig 4.3).  The first strawberry 
harvest was on 26 May, with all cultivars coming into production by 1 June.  Peak production for 
all cultivars occurred between 7 and 21 Jul., and then decreased in mid August.  ‘Albion’ and 
‘Seascape’ had steady to decreasing yields through November, and ‘Evie 2’ yields peaked again 
at the end of September before tapering off again in the fall.  Significant high tunnel production 
for 2009 occurred through approximately 3 Nov. (Fig 4.3).   
Field Production:  Field production during the 2008 season was late, limited, and most 
berries were not of marketable size (Fig 4.4). Marketable berry size was considered to be >10 
g/berry.  Field production from the 2009 season was higher than the 2008 season, but was still 
significantly lower than high tunnel yields.  Floating row covers were not shown to have any 
significant effect on yields (data not shown).  Planting in 2008 was delayed due to wet spring 
conditions that delayed preparing planting beds. Higher field production during 2009 likely 
resulted from an earlier planting date compared to the 2008 season.  The earlier planting date in 
2009 was possible because bed preparation was carried out in the fall.  Both 2008 and 2009 data 
indicated that peak day-neutral harvest occurred about 3 to 4 weeks after peak harvest for field-
planted June bearers.  Thus the normal strawberry season was extended later.  Field production 
with spring-planted day neutral cultivars may also be considered for mid- summer production, 
but are considerably later with reduced yields.   
 While research is being conducted on producing high tunnel day-neutral strawberries in 
other areas, very few results are currently available.  In 2008 and 2009 seasons, high tunnel ‘Evie 
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2’ yield was estimated at 786 and 606 g/plant, respectively, compared to yields from the field 
plots of 14 and 198 g/plant in 2008 and 2009, respectively.  In comparison to other cold climate 
strawberry production regions, optimal yields from a fall planted field study of day-neutrals in 
North Carolina were obtained with ‘Seascape’ at 710 g/plant (Ballington et al., 2008).  These 
yields are comparable to Utah high tunnel yields for ‘Evie 2,’ but are significantly greater than 
the field production plots reported here.  
 
Conclusions 
 
 
 The purpose of this study was to evaluate high tunnel day-neutral strawberry 
production for late season extension, and to optimize growing methods.  This experiment 
showed that high tunnels could be used to advance production of spring-planted day-neutrals 
cultivars by 3 to 4 weeks.  These plantings could then be used to produce fruit throughout the 
summer and into the fall, sometimes as late as December.  Our results showed that summer and 
fall production was limited after early August.  ‘Evie 2’ was determined to be most suitable for 
high tunnel strawberry production based on higher yields, more uniform seasonal production, 
and larger berry size than other cultivars that were evaluated.  ‘Evie 2’ also showed more 
tolerance to extreme summer heat.  ‘Seascape’ was considered to be the second best options 
with good yields, good fruit size and greater resistance to grey mold than ‘Evie 2.’   
Low tunnels were shown to provide more hours of optimal growing conditions for 
strawberry plants in the early spring and late fall, but inconsistent yield results prevent us from 
reaching any firm conclusions about the effectiveness of low tunnels.  Additionally, proper 
management of low tunnels to avoid extremely high temperatures represents a significant labor 
cost and may not be economical, even with increased yields.  Shade cloth was shown to 
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decrease temperature by as much as 4°C during the hot summer months, thus providing more 
optimal growing conditions for strawberry plants.  However, shade cloth effects were not 
replicated and more research is required to evaluate the full effect of shade cloth on strawberry 
production in the high-elevation Intermountain West.  Summer replanting with plug plants was 
not shown to increase fall yields.   
 Spring planted day-neutral strawberries in high tunnels have been evaluated as a 
method for late season extension for local producers.  ‘Evie 2’ was determined to be the most 
suitable cultivar for high tunnel production, and is recommended for production in Northern 
Utah high tunnels.  Low tunnels and shade cloth may or may not significantly increase 
production.  Our experiments have shown that a combination of high tunnel-planted June 
bearing and day-neutral cultivars can effectively extend the current strawberry growing season 
by 3 to 4 weeks in both directions.    
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HT+LT HT Field HT+LT HT Field
Mar. 51.5 39.0 25.0 -0.4 -4.8 -9.0
Apr 31.1 29.6 22.0 8.3 1.3 -1.7
May 40.3 38.9 36.1 5.3 4.5 1.3
Jun. -- z 32.1 35.9 -- z 6.6 6.4
Jul. -- 36.8 43.1 -- 8.7 8.8
Aug. -- 37.2 43.5 -- 5.0 4.5
Sept. 35.0 34.2 36.5 3.2 3.2 1.5
Oct. 36.7 28.5 29.2 4.3 -0.8 -2.4
Nov. 39.4 29.0 24.5 2.3 -4.8 -7.4
Dec. 37.2 26.9 13.5 -4.0 -13.0 -23.6
z low tunnels not used from June through Aug.
Maximum Minimum
Table 4.1.  Monthly temperature extremes (degrees C) 
for the 2009 season for low tunnel (LT), high tunnel 
(HT), and field at 23 cm. height.  
 
  
  
 
71 
 
LT + HT HT Field LT + HT + C HT Field
15 - 31 Oct 2.1 -0.7 -2.2 7.8 3.5 2.1
1 - 15 Nov 3.2 1.0 -0.3 7.5 0.8 -0.7
16 - 30 Nov -0.4 -2.8 -4.0 4.0 -3.0 -5.2
1 - 15 Dec -1.2 -4.0 -7.2 1.1 -6.7 -11.8
2008 2009
Table 4.2.  Average minimum temperature for 2 week intervals in late 
fall.  2009 low tunnels were equiped with soil heat cable.
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Late Summer Fall
High tunnel (HT) 256 b 247 165 668 b
HT + low tunnel (LT) 335 a 257 196 788 a
Albion  156 b 201 174 531 b
Evie2 396 a 318 142 856 a
Seascape 348 a 242 243 833 a
Tribute 283 a 246 164 693 ab
ANOVA
Factor
LT 0.822 0.205
Cultivar 0.105 0.001
LT x Cultivar 0.448    0.045 a
a See table 4.4 for breakdown of treatment interaction
Yield g/plant
Early Summer
0.274
< 0.001   
0.010
Total
0.536
0.001
0.028
P-value
Table 4.3.  The effect of low tunnels (LT) and cultivar on 2008 yields (g/plant).  
Yields are divided into three production periods including early summer (20-May 
to 12-Aug), late summer (13-Aug to 12-Oct), and fall (13-Oct to 15-Dec).
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- Low Tunnel + Low Tunnel LT Effect
Albion
Evie2
Seascape
Tribute
Yield g/plant
206 280 74
163 164 1
137 211 75
155 130 -24
Table 4.4.  Interaction between low tunnel (LT) and cultivar 
treatments on fall 2008 yields.  This interaction is likely a result of 
increased grey mold infection under low tunnels in more 
susceptible cultivars 'Evie2' and 'Tribute.'
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High tunnel (HT)
HT + low tunnel (LT)
Albion  15.6 a 10.6 b 13.7 a
Evie2 13.9 a 12.7 a 12.1 a
Seascape 13.9 a 9.5 b 12.3 a
Tribute 7.9 b 5.8 c 7.4 b
ANOVA
Factor
Cover
Cultivar
Cover x Cultivar
9.6
9.7
13.5
12.1
Mean berry size (g/berry)
0.211
< 0.001   
0.297
0.135
< 0.001   
0.174
0.951
< 0.001   
0.853
FallLate SummerEarly Summer
P-value
11.8
10.9
Table 4.5.  The effect of low tunnels (LT) and cultivar on 2008 mean 
berry size (g/berry).  Berry sizes are divided into three production 
periods including early summer (20-May to 12-Aug), late summer (13-
Aug to 12-Oct), and fall (13-Oct to 15-Dec).
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Fall
Replant 41
Spring Planted 50
High tunnel (HT) 44
HT + low tunnel (LT) 48
Albion  152 c 103 b 38 244 b
Evie2 339 a 221 a 53 526 a
Seascape 237 b 121 b 46 346 b
ANOVA
Factor
Replant 0.533
Cover 0.725
Replant x Cover 0.162
Cultivar 0.133
Replant x Cultivar 0.162
Cover x Cultivar 0.165
Replant x Cultivar x Cover 0.762
284
0.866
0.668
0.964
< 0.001   
0.668
0.085
--
Early Summer Late Summer
P-value
--
0.262
--
0.018
--
157
140
149
--243
Yield g/plant
--
< 0.001  
0.622
--
0.892
0.056
243
254
232
--
0.296
Total
375
369
460
Table 4.6.  The effect of summer replant, low tunnels (LT) and cultivar on 2009 yields 
(g/plant).  Yields are divided into three production periods including early summer 
(20-May to 12-Aug), late summer (13-Aug to 12-Oct), and fall (13-Oct to 15-Dec).
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Replant 8.8
Spring Planted 11.7
High tunnel (HT) 16.8 a 11.1 a 10.8
HT + low tunnel (LT) 14.6 b 9.2 b 9.7
Albion  16.4 a 10.1 ab 10.2 ab
Evie2 17.0 a 11.9 a  11.6 a  
Seascape 13.8 b 8.5 b 9.0 b
ANOVA
Factor
Planting
Cover
Planting x Cover
Cultivar
Planting x Cultivar
Cover x Cultivar
Planting x Cultivar x Cover
Mean berry size (g/berry)
0.041
--
P-value
--
0.299
--
< 0.001   
--
0.431
0.259
--
0.264
--
0.005
--
0.011
--
0.436
0.775
0.155
0.041
0.329
Fall A
--
Early Summer
--
--
--
Late Summer
Table 4.7.  The effect of summer replant, low tunnels (LT) and cultivar on 
2009 mean berry size (g/berry).  Berry sizes are divided into three 
production periods including early summer (20-May to 12-Aug), late 
summer (13-Aug to 12-Oct), and fall (13-Oct to 15-Dec).
A Arithmatic mean was used to report berry size and log transformed 
data were used to determine significance
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Days Recorded
LT+HT HT Field LT+HT HT Field LT+HT HT Field
26-30 19 8 0 6 5 0 41 39 26
30-40 11 8 0 2 0 0 32 31 32
40-50 4 0 0 0 0 0 1 0 0
+50 2 0 0 0 0 0 0 0 0
May
9310
March April
Table 4.8. Hours of extreme temperatures for select days during the spring of 
2009.
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October 2009
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Figure 4.1. Average diurnal air temperature fluctuations at 23 cm height for selected time 
periods in 2009.  Horizontal lines indicate optimum and critcal temperatures for strawberry.  
Low tunnels were used until approximately 15 May, and again beginning approximately 15 Sept. 
Soil heating cable was activated when soil temperatures <4°.  40% light reduction shade cloth 
was used from approximately 1 June through 31 Aug. 
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Figure 4.2.  Total weekly yields per plant for high tunnel, low tunnel, and field treatments for the 
2008 season. 
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Figure 4.3.  Total weekly yields per plant for high tunnel, low tunnel, and field treatments for the 
2009 season.  Summer replant data omitted. 
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Figure 4.4.  Average berry size for high tunnel, low tunnel, and field comparison for 2008.  
Minimum marketable berry size was considered to be 10 g. 
  
 
82 
 
 
0
10
20
30
0
10
20
30
0
10
20
30
High Tunnel
High Tunnel + Low Tunnel
Field
Albion
Evie 2
Seascape
A
v
e
ra
g
e
 s
iz
e
 (
g
/b
e
rr
y
)
9
- 
J
u
n
7
- 
J
u
ly
4
-A
u
g
2
- 
S
e
p
t
2
9
- 
S
e
p
t
2
7
- 
O
c
t
2
4
- 
N
o
v
 
Figure 4.5.  Average berry size for high tunnel, low tunnel, and field comparison for 2009 season.  
Summer replant data omitted for lack of significant size differences.  Minimum marketable berry 
size was considered to be 10 g. 
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CHAPTER 5 
ENTERPRISE BUDGET FOR HIGH TUNNEL DAY-NEUTRAL STRAWBERRY PRODUCTION 
Introduction 
Strawberries can be grown in the Intermountain West region of the United States.  
However, this region does not naturally provide ideal strawberry growing conditions for 
extended periods.  Temperatures in the early spring are sub-optimal, while summer 
temperatures are typically super-optimal (Moller and Gillies, 2008).  Annual hill day neutral 
production patterned after the day-neutral production methods used in Ontario, Canada (Pritts 
and Dale, 1989) is generally very limited in Northern Utah.  Wet field and cooler climate 
conditions typically prevent plants from becoming established prior to hot summer 
temperatures that limit flower production.  Research from the Utah State University high tunnel 
research project indicates that annual field production of day-neutral strawberries Utah is a 
losing business venture.  The use of high tunnels offers an alternative approach for 
Intermountain West strawberry growers.  High tunnels can be used to facilitate earlier planting 
dates, as well as more ideal growing conditions in the early spring.  By extending the growing 
season earlier into the spring, plants are able to become established and produce significant 
yields before super-optimal summer temperatures limit production.  Additionally, high tunnels 
can be used to extend the production season into the fall.  Thus direct market-oriented 
producers are better able to attract new customers, maintain current customers, and take 
advantage of higher out-of-season prices.     
This paper includes an enterprise budget for high tunnel strawberry production (table 
5.1), as well as a partial budget that compares day-neutral high tunnel strawberry production to 
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traditional field production (table 5.2).  This high tunnel budget is based on a system developed 
at the USU Greenville Research Farm in North Logan, UT (Rowley et al., 2010; Ch.6), patterned 
after the day-neutral production methods used in Ontario, Canada (Pritts and Dale, 1989).  This 
system consists of dormant bare root plants established in late winter on raised beds that are 
covered with plastic mulch.  Included in this paper is an explanation and discussion of some of 
the major costs involved in high tunnel day-neutral strawberry production, as well as some of 
the alternatives that might be considered.  Unless otherwise specified, prices in this budget 
were recorded as supplies were purchased from local retailers for use in high tunnel strawberry 
production.  The amount of supplies used in establishing and maintaining the high tunnel 
strawberry planting, as well as production was recorded and adjusted for commercial 
production in a 14 ft wide by 96 ft long high tunnel (Black et al., 2008).   
This enterprise budget is broken into two parts.  The first section of the budget includes 
annual operating receipts and costs (yearly income and expenses from operations).  The second 
section describes the capital investment expenses and gives an annual depreciation expense for 
the capital investments.  Depreciation is an accounting tool used to match the portion of the 
capital expense to the period in which it was used. This budget uses the straight line 
depreciation method and will assume no salvage value at the end of the useful life.  This means 
that the total cost of the capital investment (high tunnel, irrigation system, etc.) was divided by 
the useful life of the investment and recorded as the annual depreciation cost, or the 
depreciation expense for using the assets each year.  Based on experience from the Utah State 
University high tunnel project, the estimated useful life of a low-cost high tunnel is 
approximately 6 years.  The useful life of the irrigation system is assumed to be the same.   
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Sales 
 
Production data are based on a late winter planting of ‘Evie 2’ strawberries.  Yield data 
were collected and averaged over a two year period in North Logan, UT.  Table 5.3 shows an 
approximate yield distribution for three cultivars that have been tested in high tunnels at USU.  
Outdoor spring-planted day-neutral varieties generally do not produce significant yields during 
the first year.  However, when planted in a high tunnel, plants can begin to grow earlier, thus 
making significant production possible in the first year.  Research at USU suggests winter 
planted day-neutral varieties fruit heavily during the months of June and July, just as June 
bearing varieties begin approach the end of their fruiting season.  Day-neutral varieties continue 
to fruit throughout the summer and into late fall.  Price charged will depend on market options.    
However, even with California strawberries in the grocery stores, we have had no problem 
selling 100 lbs per week at $3.00/lb at a small local farmers’ market.  Price premiums for out of 
season fruit will also depend on local market options.  Researchers in New York suggest that 
consumers are willing to pay up to double regular season price for out of season produce 
(Koester and Pritts, 2003).  Our limited experience suggests that a 50% markup over regular 
season prices is a reasonable price to start with. We have generally sold in-season strawberries 
for $3.00 for a 1 pound clamshell and out-of-season strawberries for $4.50 per 1 pound 
clamshell.  
 
Labor 
 
Bed Preparation: Bed preparation can be very laborious as most of the labor will need to 
be done by hand in the low-cost high tunnels that we use (Black et al., 2008).  Alternatively, low-
cost high tunnels can be disassembled to allow the use of tractors for bed preparation.  From 
our experience, a low-cost high tunnel can be disassembled and moved out of the way by two 
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workers in about 1 to 2 hours.  Re-assembly takes slightly longer.  Larger more permanent 
tunnels can be constructed to allow for entry of larger tillage and bed shaping equipment (Dye 
et al., 2006).   However, larger tunnels are significantly more expensive. 
Monitoring and Ventilation:  High tunnel monitoring and ventilation represent a 
significant production cost.  This particular budget assumes that tunnels need to be monitored 
and ventilated for a period of 5 months (Mar 1 – May 15 and Sept 1 – Nov 15).  From our 
experience it takes about 12 minutes of actual work time per day to open and close one high 
tunnel.  This does not account for travel time to and from the location, nor does it account for 
labor to manage row covers or low tunnels, which if used require additional time.  Electric fans 
and thermostats could be used to reduce labor for daily tunnel ventilation, but would add 
significantly to the initial construction costs and to the cost.  Depending on the cost and 
availability of labor and electricity, automated ventilation could result in long-term cost savings. 
Hand Harvest:  Harvest labor is the largest cost associated with growing strawberries, 
and is difficult to reduce.  However, growers might consider building or buying picking carts to 
assist laborers.  Strawberry picking costs for the USU high tunnel project were estimated to be 
20 min per 100 ft of double row bed, plus 4 min for every 1 pound clamshell of strawberries 
harvested.  Harvest labor is estimated for 25 weeks of harvest, or 50 harvests. 
 
Tunnel Construction 
 
The initial cost of the high tunnel will vary by type and size.  The price given in this 
enterprise budget is for a low-cost high tunnel developed at Utah State University (Black et al., 
2008).  Prices for commercially purchased steel-framed high tunnels are generally significantly 
higher.  However, these structures are more permanent, and the larger size may accommodate 
equipment that would reduce hand labor.  
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Irrigation System 
 
This enterprise budget assumes that a year-round water source is located in close 
proximity to the high tunnel(s).  If this is not the case, installation of such a system will be 
required and need to be accounted for.  While fertigation is the preferred means of managing 
fertility, other methods may be employed.  The largest cost associated with irrigation system is 
the fertilizer injector station.  However, with a little planning and minimal effort, a single injector 
station can be located next to the water source, and serve multiple high tunnels and crops.  
 
Net Income 
 
Based on the management system developed at the Utah State University high tunnel 
research facilities, net income for a 14 x 96 ft low-cost-high tunnel is estimated to be $112.  This 
includes total sales of $2,847 less total expenses of $2,734.  Total expenses include annual 
operating expenses, or the expenses associated with yearly production; as well as the annual 
depreciation costs of the high tunnel and irrigation system.  Because the high tunnel and 
irrigation systems are used over multiple years, an equal portion of their total cost 
(depreciation) was assigned to each year that they were expected to remain in service (6 yrs).    
 
High tunnel vs. Field planting 
 
 A partial budget comparing the economics of high tunnel vs. field production can be 
seen in table 5.2.  Added returns from the high tunnel are the total sales provided by the high 
tunnel.  Reduced returns indicate the reduced sales that can be expected when comparing a 
traditional field planting to a high tunnel planting.  These returns are based on reduced yields 
from field planting as well as the absence of price premiums for out-of-season strawberries.  
Added costs for the high tunnel are the added supplies and labor that is required in high tunnel 
  
 
88 
 
strawberry production based on the management system developed at the Utah State 
University high tunnel research facilities.  Our results indicate that a 14 x 96 ft long high tunnel 
increases net income by $882 compared to an equivalent field planting.     
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Table 5.1. High Tunnel day-neutral strawberry enterprise budget for 14' x 96' low-cost 
high tunnnel
Sales quantity unit price total
In-Season Strawberries (Jun -Sept) 1 lb clamshells 748 3.00$              2,244.00$       
Late Out-of-Season Strawberries (Oct - Nov) 1 lb clamshells 134 4.50$              603.00$            
Total Sales 2,847.00$       
Supplies
Preplant and preperation costs
Soil Test each 1 14.00$           14.00$               
fuel gal 0.38 3.00$              1.13$                  
Preplant fertilizers and soil ammendments lbs 2.25 15.00$           33.75$               
plastic mulch ft 281 0.05$              14.06$               
drip tape ft 563 0.05$              28.13$               
Strawberry Establishment and growth
Dormant Bare root plants each 563 0.10$              56.25$               
20-20-20 water soluable fertilizer mix lbs 19 1.23$              23.52$               
10-30-20 water soluable fertilizer mix lbs 6 1.49$              9.39$                  
Captan lbs 0.84 9.82$              8.29$                  
Thionex 50 W lbs 0.06 7.51$              0.42$                  
Strawberry Harvest
1 lb clamshells each 882 0.21$              185.22$            
Total Supplies 374.15$            
Labor
Preplant and preperation costs
soil test hours 0.5 10.00$           5.00$                  
Apply preplant fertilizers hours 0.75 10.00$           7.50$                  
Tillage hours 3 10.00$           30.00$               
Form raised beds hours 21 10.00$           210.00$            
cover with plastic mulch hours 3.75 10.00$           37.50$               
install drip tape hours 0.75 10.00$           7.50$                  
Strawberry Establishment and growth
Planting labor hours 6 10.00$           60.00$               
Fertigation hours 2 10.00$           20.00$               
pesticide applications hours 9 10.00$           90.00$               
hand weeding hours 6 10.00$           60.00$               
plastic and shade cloth hours 12 10.00$           120.00$            
Monitoring and ventilation hours 30 10.00$           300.00$            
Strawberry Harvest
Hand harvest hours 107 10.00$           1,067.98$       
Post Harvest
House clean out hours 4.5 10.00$           45.00$               
Total Labor 2,060.48$       
Annual Operating Expenses (supplies and labor) 2,434.63$       
Annual Depreciation Cost of High Tunnel $241.17
Annual Depreciation Cost of Irrigation System $58.82
*annual costs detailed on next page
Total Expenses 2,734.62$       
Net Income 112.38$            
96' high tunnel
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units Useful life (yrs) quantity unit cost total
Tunnel Construction
High Tunnel  
High Tunnel each 6 1 $697.00 $497.00
High Tunnel Construction Labor hours 6 25 $10.00 $250.00
6 mil Greenhouse film  24'x100' sheet 3 2 $200.00 $400.00
Shade Cloth 20' x 100' piece 6 1 $300.00 $300.00
Total $1,447.00
Annual Depreciation Cost of High Tunnel $241.17
Irrigation system
3/4" poly pipe ft 6 14 $0.42 $5.88
1" valve each 6 1 $5.15 $5.15
misc fittings each 6 10 $1.00 $10.00
drip hose adapter each 6 6 $0.56 $3.36
*injector each 6 1 $265.00 $265.00
* filter each 6 1 $12.50 $12.50
* pressure regulator each 6 1 $11.00 $11.00
*Instalation hours 6 4 $10.00 $40.00
Total $352.89
Annual Depreciation Cost of Irrigation System $58.82
*can be used for multiple high tunnels
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Added returns from high tunnel 2,847$    
Reduced returns from Field 750$        
Added costs for high tunnel
Supplies
Clamshells 133$        
Labor
Hand harvest 421$        
Plastic and Shade 120$        
Monitoring and ventilation 300$        
Annual cost of high tunnel 241$        
1,215$    
Net income for HT compared to field 882$        
Table 5.2. Partial budget comparing a 14' x 96' 
low-cost high tunnel planting of day-neutral 
strawberries to an equivelant field plantation.  
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Table 5.3.  Approximate yield distribution for selected
strawberry varieties, for a 14' x 96' high tunnel
assuming a plant density of 575 plants per tunnel
Jun - July Aug - Sept Oct - Nov Total
Albion 223 220 119 563
Evie 2 459 289 134 882
Seascape 340 222 159 721
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CHAPTER 6 
 
HIGH TUNNEL STRAWBERRY PRODUCTION (USU EXTENSION FACTSHEET)1 
 
Introduction 
Fresh local strawberries are always a favorite at farmers’ markets and roadside stands.  
Strawberries grow best at temperatures around 70-75˚F.   Utah’s cold winters and hot summers 
provide only a short strawberry season.   Greenhouses are designed to maintain optimal 
growing temperatures, and can be used to grow strawberries year round.  However, 
greenhouses are expensive to both build and operate.  High tunnels are relatively inexpensive to 
build, with some designs costing less than $0.50 per square foot (Black et al., 2008a).  Since high 
tunnels are passively heated and cooled, operating costs are minimal.  However, many of the 
benefits noted for greenhouses such as early spring and late fall harvests, and better summer 
production are realized.  High tunnels have effectively extended the strawberry growing season 
in Utah’s Cache Valley from early May to mid December.   
 
Plant Selection 
 
Strawberries have three fruiting habits.  June-bearing strawberries initiate flowers under 
short day conditions in the fall.  The flowers open the following spring and produce fruit for 
about a 4-6 week period.  In northern Utah, this season is generally from mid May to mid June.  
Everbearing strawberries initiate flowers under long day conditions and generally produce a 
small crop in the spring with a more substantial crop in the fall.  Day-Neutral strawberries 
produce flowers regardless of day length, as long as temperatures are between 40 and 85˚ F 
(Hancock and Handley, 1998).  In many production systems, Day-Neutral and everbearing 
                                                 
1
 Coauthored by: Brent Black, Extension Fruit Specialist; and Dan Drost, Extension Vegetable Specialist 
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strawberries show similar production patterns and these names are sometimes used 
interchangeably.    
The marketing and management goals of individual operations should dictate what type 
of strawberry plants are grown.  If the single objective is to obtain price premiums for the 
earliest local strawberries, fall-planted June-bearers in high tunnels will produce the earliest 
large crop, with significant production 4 weeks earlier than outdoor field grown plants.  In Cache 
Valley this results in harvests in early to mid May.  However, if a farmer wants the longest 
possible production season, day neutral varieties will continue to flower and fruit indefinitely, as 
long as appropriate temperatures are maintained in the high tunnel. Table 6.1 lists some 
varieties that have been tested in Utah high tunnels and some of their characteristics. 
 
Yields 
 
High tunnels can significantly extend the growing season for strawberry production in 
Utah.  As a general rule of thumb, high tunnels fall planted with June Bearing varieties can be 
expected to come into production about 4 weeks earlier than field production.  High tunnel day 
neutral varieties on the other hand have been shown to extend the season into late fall.  Figure 
6.1 shows some general yield trends observed at the high tunnel research trials conducted in 
Logan, UT during 2008. Table 6.2 gives more detailed yield information for specific strawberry 
varieties tested in Utah high tunnels.  
 
Site Selection 
 
Strawberries perform best in well drained sandy or loam soils.  The use of raised beds 
can increase soil drainage in any type of soil and are strongly recommended when planting 
strawberries in heavier clay soils.  Alternatively, strawberries can be grown in containers or in 
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bags filled with potting mix on top of the ground.  Raised beds also cause soils to warm earlier in 
the spring resulting in earlier fruiting and make fruit harvest easier.  Strawberry high tunnels 
should be located in an area that is not subjected to shading, particularly on the south and west 
sides of the high tunnel, so as to maximize solar radiation capture in the early spring and late 
fall.  The high tunnel should also be located near a year-round water supply in order to facilitate 
irrigation in the early spring and late fall when seasonal irrigation water is not available.   
In order to prevent buildup of soil borne pathogens, strawberries should not be planted 
in the same soil for more than five years without using some type of fumigation.  For small scale 
farmers who grow a variety of crops, the best option is to use crop rotations.  However, care 
should be taken so that strawberries do not follow tomatoes, potatoes, eggplant, peppers, or 
okra in a crop rotation, as these crops harbor the verticillium wilt pathogen. 
 
Site Preparation 
 
Before planting strawberries, soils should be tilled to a depth of six to twelve inches.  
Organic material such as compost is always helpful and can help alleviate replant and drainage 
problems as described above.  After working the soil, planting beds should be formed, drip tape 
for irrigation installed, and plastic mulch laid on the bed.   
 
Management Systems 
 
There are two main management systems in strawberry production; the matted row 
system, and the annual hill system (Black et al., 2008b).  The matted row system is a perennial 
system for producing June Bearing strawberries in colder climates and works well in outdoor 
field production in Utah.  However, this system is not well suited for high tunnel production.  We 
recommend the annual hill system for high tunnel strawberry production, as this provides the 
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earliest yields and the highest quality fruit.  For the annual hill system, plants are spaced 12 to 
15 inches apart in the row, with staggered rows spaced 12 to 15 inches apart (figure 6.2).  
Runners are removed so that only the mother plants grow and produce fruit.  Beds are generally 
2 to 4 rows wide, with each row being approximately 1 ft wide.  Thus a two row bed would be 2 
feet wide, and a four row bed would be 4 feet wide.  Beds can be level with the remaining 
ground or can be raised.  Raised beds improve drainage, and are highly recommended for 
heavier clay soils and earlier yields.  Raised beds are typically 8 to 12 inches tall and covered 
with black or white plastic mulch.  Black plastic mulch tends to warm the soil sooner in the 
spring and keeps it warmer later into the fall.  White plastic, on the other hand, tends to keep 
plants and soil slightly cooler during the heat of summer.  With June bearing strawberries, black 
plastic mulch is recommended because strawberry plants are usually removed before the 
hottest part of the summer and new plants are planted after the hottest part of the summer is 
past.  White plastic mulch might be considered for day neutral varieties, depending on the goals 
of the individual operation.  If there is more focus on better summer production, white plastic 
would be a good choice.  However, it the focus is on early plant establishment and late season 
extension, black plastic mulch might be a better choice.   In addition to its effect on plant/soil 
temperature, plastic mulch also helps control weeds.  However, the use of plastic mulch 
requires that drip tape be placed under the plastic to facilitate irrigation.  In order to obtain the 
highest yields and quality every year, plantings are generally replaced on an annual basis. 
                                                                
Plant Establishment 
 
June Bearers are typically planted as “plug plants” the fall before production is desired.  
In colder climates such as Cache Valley, planting should take place about the first of September, 
with later planting in warmer climates such as central or southern Utah.  Experimentation with 
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the planting dates may be needed to determine the optimum planting dates for individual 
locations.  Plug plants transplanted too early will produce excessive runners and too many 
branch crowns on each plant.  Late plantings results in inadequate plant establishment and 
insufficient branch crown formation.  The ideal transplanting date will result in a vegetatively-
balanced plant with 4 to 6 branch crowns at harvest.  Plug plants are recommended for use in 
high tunnels for fall planted June bearing varieties; however, bare root plants can be used in 
place of plug plants if necessary, but typically they need to be planted three to four weeks 
earlier than plug plants. 
 Finding a source for either plug plants or dormant bare root plants in September is 
difficult.  However, some nurseries will hold dormant stock for late summer plantings if ordered 
well in advance.  Also, strawberry plug plants can be readily propagated in a greenhouse.  For 
more information on propagating strawberry plug plants, see the USU factsheet Propagating 
Strawberry Plugs.   
 Day Neutrals can be fall planted with plugs or dormant plants, but also can be planted in 
late winter using dormant bare root plants.  In tunnels in Cache Valley, plantings have been 
achieved as early as February. Warmer climates allow for earlier plantings.  The most important 
thing to remember is that the plants will start to grow anytime the temperature is above 40°F.  
Therefore, plants should be established as early as possible in an effort to maximize yields.  The 
use of a low tunnel placed within a high tunnel is an effective way to encourage growth on 
winter planted day neutral plants, as the low tunnel provides more protection on cold nights 
and more ideal temperatures on cooler days than high tunnels alone (figure 6.3).   
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Fertilization 
 
Plant nutrition is best accomplished through fertigation, or applying fertilizer in the 
irrigation water, using an injector system.  A high quality mechanical injector is strongly 
recommended.   Dosatron® and  Chemilizer® brands have both been used with success.  
Fertigation will allow growers to apply fertilizers in small amounts every time plants are 
watered.  Fertilizer rates vary among soil types according to nutrient holding capacity. Plant 
nitrogen (N) requirements can be determined by observing the vegetative vigor of the plants.  
Overly vigorous plants will have large, dark green leaves with long petioles and appear too 
bushy.  In the loamy soils at the USU Greenville research farm, we have found the following 
fertilizer regime to be effective.  During the vegetative growth stage of the strawberry plants 
(fall and early spring for fall planted June Bearers; or spring and early summer for winter planted 
day neutrals) a 20-20-20 N-P-K plus micronutrients is applied at a rate of 100 ppm N with every 
watering cycle.  Once the plant starts to produce flowers, a 10-20-10 mix is used at 50 ppm N 
with every watering cycle.  For day neutrals, the 10-20-10 mix at 50 ppm N is applied throughout 
the remainder of the season.  However, in June bearing varieties, once the first berries start to 
ripen, a 10-30-20 fertilizer (25 ppm N) is injected at every irrigation.  When selecting a fertilizer 
source, consult your vendor to be sure the selected mix can be mixed with water without 
forming precipitate, which will cause problems with the injector and plug the drip tape emitters.  
One of the most common nutrient deficiencies for strawberries in Utah soils is Iron.  Iron 
chlorosis is characterized by interveinal yellowing (see USU fact sheet Iron Chlorosis in Berries).  
A chelated iron such as Miller’s Ferriplus or Sequestrene 138 should be applied as needed 
according to the rate listed on the label.   
 
  
 
99 
 
Tunnel Management 
 High tunnels capture and retain heat.  The first goal when using high tunnels is to 
protect the fruit and flowers from frost injury in the early and late parts of the year.  This means 
keeping the temperature above 28˚F, especially when there are fruit and or flowers on the 
plant.  The second goal is to keep the temperatures in the tunnel warm enough for the plants to 
continue growing.  The minimum temperature at which strawberry plants continue to grow 
(baseline) is about 40°F.  The third goal is to maintain optimal temperatures for as much of the 
day as possible. The optimal temperature for strawberry growth is between 70 and 80 degrees.  
Tunnels should be vented during the day in order to avoid temperatures above 80 degrees, and 
should be closed in the early evenings or on colder days in order to maintain temperatures 
within or as close as possible to the optimal range (70-80 degrees).  A simple thermometer is a 
valuable tool to help growers determine when to vent and when to close their high tunnels. 
 Low tunnels (figure 6.4) placed within the high tunnel are another tool for out of season 
strawberry production.  Low tunnels are typically only 12 to 18 inches tall and about 30 inches 
wide, just large enough to cover a single strawberry bed.  Low tunnels can be constructed by 
bending ½” conduit so that it spans the strawberry bed and is slightly taller than the canopy. 
These arches are place every 5 to 10 ft, and twine or other light rope is stretched between the 
arches and tightened to support the plastic above the strawberry plants.  Low tunnels can be 
used in conjunction with high tunnels in the spring and fall to encourage earlier and later 
flowering and fruit development.  Additionally, low tunnels can be used with winter planted day 
neutrals to help increase early plant growth, which will lead to earlier and higher yields.  High 
tunnels generally provide a 3 to 5 degree temperature lift over outside conditions during the 
night.  However, when combined with low tunnels, another 3 to 5 degree lift can be expected.  
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Low tunnels can also be used on cooler days to lift the temperature into the optimal range (70 
to 80 degrees) when high tunnel temperature doesn’t reach this optimal threshold.  However, 
extreme caution should be used with low tunnels as they have a tendency to heat up very 
quickly and can lead to plant damage if not managed properly.  As a general rule of thumb, on a 
sunny day, high tunnels alone can be expected to yield a 30 degree temperature lift over outside 
conditions.  When low tunnels are used in conjunction with high tunnels, another 10 degree 
temperature lift within the low tunnel is usually realized.  A good practice is to uncover low 
tunnels and vent high tunnels during the daylight hours, and then recover low tunnels and close 
high tunnels during the night to retain warmth.     
 
Pests 
 
 Grey Mold is perhaps the biggest problem for high tunnel strawberry production (figure 
6.5).   The fungal pathogen thrives in the warm humid environment found in high and low 
tunnels.  Infection of the fruit can be avoided with timely applications of a fungicide such as 
Captan.  The infection typically occurs during bloom, then remains latent until the fruit begins to 
ripen.  Additional infections which damage the plant may occur over the winter and these 
should be treated as needed.  Grey mold is generally not a problem in spring strawberries in 
Utah, as the tunnels are generally open during the day and the humidity level remains low.  
However, grey mold can be a significant problem with fall crops, when cold fall weather requires 
the tunnels to be kept closed for extended periods of time during bloom and fruit development.  
It is therefore recommended that fungicide applications be made regularly beginning 
approximately four weeks before the tunnels are expected to be closed for extended periods of 
time.  
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 Other Pests may include Spittle Bug, Aphids, and Spider Mites.  Spittle Bugs create a 
bubbly liquid mass that is often found on the leaf petioles.  Spittle bugs can be treated with a 
variety of insecticides such as Malathion, but may need to be treated after the high tunnel 
plastic is removed for the summer.  However, Spittle Bugs do not generally cause significant 
amounts of damage with low population numbers, so treatment may not be warranted.  Aphids 
and spider mites may also be occasional pests.  Aphids and spider mites can be treated and 
controlled with insecticidal soap (DeFrancesco, 2008).   
 
Other 
 
 Harvesting should be carried out every 2 to 3 days to ensure maximum quality.  Berries 
should be harvested when neither the tip nor the shoulders are still green or white.  After the 
fruit is harvested, it should be refrigerated promptly to maintain quality. 
Insect pollination is not necessary to produce strawberries, as fruit develop without 
being pollinated.  However, allowing insects to pollinate strawberry flowers will help increase 
the size of the berries.  Honeybees are not typically good pollinators in high tunnels as they use 
ultraviolent light (UV light) to navigate and are unable to “see” under most greenhouse plastics.  
However, bumble bees and alfalfa leaf cutter bees are commercially available and work well in 
high tunnels.   
 
Summary 
 
Fresh, locally grown strawberries are always a favorite at farmers’ markets and other 
local retail outlets; however, fresh locally grown strawberries are rare in Utah.  The use of high 
tunnels for strawberry cultivation gives local farmers another option that may help them 
economically produce to grow strawberries for an extended strawberry season, thus making 
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commercial strawberry production an option, where it might not have been viable in the past.  
High tunnel strawberries should give local farmers the opportunity to market fresh locally 
produced strawberries to the public and  charge premium prices for a product that is both rare 
and out of season.   
 
Additional Resources 
 
Constructing a Low Cost High Tunnel 
http://extension.usu.edu/files/publications/publication/HG_High_Tunnels_2008-01pr.pdf  
 
Iron Chlorosis in Berries factsheet 
http://extension.usu.edu/files/publications/publication/Horticulture_Fruit_2009-02pr.pdf  
 
Strawberry Plug Plant Propagation factsheet (in review) 
http://extension.usu.edu/files/publications/publication/ 
 
Strawberries in the Garden 
http://extension.usu.edu/files/publications/publication/Horticulture_Fruit_2008-06pr.pdf  
 
Pacific Northwest Insect Management Handbook 
http://uspest.org/pnw/insects  
 
Disclaimer:  Mention of trademark names does not constitute a guarantee, warranty, or 
endorsement of the named products.  Mention of trademark names also does not imply 
criticism of similar products not named. 
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Table 6.1. Strawberry varieties tested for Utah high tunnels 
 
  
   
 
Day Neutrals  Berry size Uniformity 
Heat  
Tolerance 
Cold 
Tolerance 
Grey Mold 
Resistance Flavor 
Albion Good Excellent Poor Excellent Excellent Excellent 
Evie 2 Excellent Good Excellent Poor Poor Moderate 
Seascape  Good Good Moderate Good Good Good 
Tribute Poor Moderate Good Moderate Poor Poor 
June Bearers       
Chandler Good Good NA NA Good Good 
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Table 6.2: High tunnel yield breakdown for 
different strawberry varieties 
 
  
Yields shown in lbs / 100 plants   
      
June Bearing Varieties   
   
Out of Season 
(first 6 weeks) In Season 
      
  Chandler 79 37 
      
      
Day Neutral Varieties   
   
In Season 
(May to first frost) 
Out of Season 
(after first fall frost) 
      
  Albion 87 30 
  Evie 2 139 34 
  Seascape 116 45 
  Tribute 101 36 
  
 
106 
 
0
5
10
15
20
25
30
35
5/13 6/13 7/14 8/14 9/14 10/15 11/15 12/16
lb
s 
/ 
1
0
0
 p
la
n
ts
High Tunnel Day Neutrals
Outside Day Neutrals
High Tunnel June Bearers
Outside June Bearers
 
 
 
 
 
 
 
 
 
 
Figure 6.1 Yield trends for Logan UT high tunnels 2008 & 2009 data.   
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Figure 6.2 Strawberry planting bed 
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Figure 6.3 Temperature differences on a cool overcast morning 
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Figure 6.4 Low Tunnels within a High Tunnel 
Figure 6.5 Grey Mold 
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CHAPTER 7 
 
STRAWBERRY PLUG PLANT PRODUCTION (USU EXTENSION FACTSHEET)1 
 
Introduction 
 Annual hill strawberry plantings are generally established by using either fresh 
dug or dormant cold-stored “frigo” plants.  Both fresh dug and dormant plants are 
relatively inexpensive.  However, fresh dug plants are generally not commercially 
available until October, when they are dug by nurseries for large California and Florida 
plantings.  October is too late for planting in Northern Utah, where optimal planting 
dates are in late August to early September.  Dormant plants are generally dug in the 
late fall or winter, and cold stored for planting in the spring and early summer.  However 
by September, most of the plants have been in cold storage for such a long period of 
time that plant viability is decreased (Hokanson et al., 2004).   
 Plug or tray plants (figure 7.1) offer an alternative approach for obtaining 
strawberry starts for use in annual hill and high tunnel production systems.  While plug 
plants are more expensive than fresh-dug or dormant plants, they typically offer the 
appropriate level of initial vigor for fall planting.  However, commercial availability of 
plug plants is extremely limited.  Currently, there are no commercial nurseries in the 
Intermountain West producing plugs, and shipping costs for fresh plants make ordering 
from distant nurseries prohibitively expensive. 
                                                 
1
 Coauthored by: Brent Black, Extension Fruit Specialist; and Dan Drost, Extension Vegetable Specialist 
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Plug plants are relatively easy to grow and can be produced in a small 
greenhouse or cold frame.  Dormant cold-stored mother plants are planted in the late 
spring/early summer to produce runner tips for propagation.  If mother plants are 
ordered in January or February, there are generally a large number of varieties to 
choose from.  Most suppliers store plants in their specialized storage facilities at no 
additional costs until growers are ready to plant. 
 
Producing the runner tips 
 
Site selection and establishment:   The first step in producing strawberry plug 
plants is to produce the runner tips.  Runners are produced from mother plants, which 
can be grown either in a greenhouse or field.  Plants can be grown in the soil or in peat-
filled grow bags placed on the soil or on benches.  Runner production is favored by high 
temperatures and long days, hence outdoor production would be limited to the 
summertime.  With either system (outdoor or greenhouse) care should be taken to 
prevent runners from coming in direct contact with soil.  In the greenhouse, suspended 
growing systems (figure 7.2 & 7.3) are used to prevent runners from coming in contact 
with soil.  In the field, a combination of straw mulch between rows and plastic mulch 
within the row will prevent runner tips from contacting the soil.  
In the greenhouse, the first runner tips can be expected about 8-10 weeks after 
establishing the mother plant (Durner et al., 2002). The number of runners produced 
per plant will increase over time and as the mother plants get bigger.  However, the 
number of runners per mother plant and the time from establishment to runner 
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production will vary somewhat by cultivar.  In some circumstances it may be 
advantageous to establish plants three to four months before runners are to be 
harvested in order to obtain more runners per mother plant.  
 Greenhouses provide the ideal setting for runner production.  Greenhouses can 
be managed to provide ideal day time temperatures (above 75˚F) and long photoperiods 
(about 16 hrs).  With supplemental heat and light, runner production can occur year 
round.  Elevated planting beds in the greenhouse facilitate runner harvesting.  PVC rain 
gutters filled with a soil-less potting mix provide a simple and efficient elevated 
production system (figure 7.2).  Plants are spaced 9 to 12 inches apart in the gutters.  
The resulting small root volume requires frequent irrigation and fertilizer application.  
Drainage holes should be drilled in the bottom of the gutters to prevent water 
saturation of the soil.  Irrigation events will vary with different planting configurations; 
however, the principles are the same.  Plants should be watered often enough that the 
soil does not dry out and cause the plant to wilt.  Each irrigation cycle will normally last 
until water starts dripping out the drain holes, which is an indication that the soil profile 
is full.  During peak runner production, plants usually need to be irrigated once every 3 
to 4 hours, with each irrigation event lasting 3 to 4 minutes.  This irrigation frequency 
can be easily achieved with a simple time clock and automatic valve. 
 Fertility: Runners are a form of vegetative growth and vegetative growth is 
encouraged by fertilizers with high nitrogen (N) content.  For runner production in both 
field and greenhouse, the recommended method for applying fertilizer is to inject it 
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directly into the irrigation water, and supply the irrigation through a drip system.  A 
water soluble 20-10-20 or similar mix, has proven to work quite well, and should be 
injected at a concentration of approximately 100 parts per million (ppm) N at every 
irrigation. Flower clusters should also be removed regularly in order to maintain 
vegetative growth and runner formation.  Maintaining adequate vegetative vigor is 
particularly important with day-neutral cultivars, as these will stop producing runners if 
adequate fertility is not maintained or if flowers are allowed to persist.  
  
Tip harvest and propagation 
 
 Runner tips should be harvested when root initials (little white or brown pegs, 
figure 7.4) are present on the runner tip. Root initials should not be longer than ½ inch.  
Additionally, at least two trifoliate leaves (first leaves that appear from the runner tip) 
are needed and should be between 2 ½ and 4 inches in length (Durner et al., 2002), 
(figure 7.5).  Runner tips where the oldest trifoliate leaf is larger or smaller will have 
limited success in establishment.   Depending on individual needs and desire for 
uniformity of runner tips, tips are generally harvested every 10-14 days.  Sorting tips by 
size will prevent larger plug plants from crowding out the smaller ones in the tray 
(Durner et al., 2002; Takeda and Newell, 2006).  50 cell plug trays with approximately 
7cubic inches per cell work best for strawberry plug production. 
Runners should be removed such that the trifoliate leaves are not damaged and 
approximately ½” of the runner is left to be used for an anchor when planting tips into 
plug trays (Durner et al., 2002; Takeda and Newell, 2006).  Runner tips should be 
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planted immediately after harvest.  In commercial operations, runners are usually 
planted or cooled to 32˚F within 45 minutes.  If runner tip storage is necessary, tips 
should be stored at 32 to 34˚F at 95 percent humidity for no more than one week 
(Durner et al., 2002).  Tips should be planted such that the root pegs and anchor are just 
below the soil surface, with the leaves and as much of the developing crown as possible 
remaining above the soil surface (figure 7.6).  The soil should then be pressed lightly 
around the runner tips to hold the plant in place. 
After the runner tips have been planted, they need to be protected from the 
wind and leaves need to remain moist until the plant can establish a new root system.  
Maintaining moisture on the leaf is usually accomplished with a misting system.  Misting 
the plants intermittently for 7 to 12 days is generally sufficient.  For the first three to 
four days, misting should be more frequent and for shorter periods of time (every 5 
minutes for about 10 seconds).  After three to four days, the misting time may be 
increased to 30 seconds every 12 minutes.  As time goes by, the misting interval should 
remain at about 12 minutes, and misting time should gradually be decreased as the 
plant roots become more established.  Protecting plants from wind, heat and direct 
sunlight will provide the best results.  Shaded greenhouses or shade houses with 
protection from wind provide the best environment.    After the misting regime is 
finished, plants should be allowed to harden off, or grow in the greenhouse for 1 to 2 
weeks prior to their establishment in the field or high tunnel (Durner et al., 2002).  
Generally, a runner tip will produce a well-rooted plug in about 4 weeks. 
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An alternative to misting is to place wet planted flats in a sealed, slightly 
perforated white plastic bag, such as a garbage bag (Durner et al., 2002).  The white 
plastic will block some of the radiant heat, and maintain high humidity.   Runner tips can 
be rooted this way, and once they have established root systems they can be moved out 
on to an open greenhouse bench for hardening off as previously described.  Although 
this is a relatively inexpensive alternative to misting, this system is not as consistent and 
is recommended only when a relatively few number of strawberry plugs are needed. 
Case Study: High tunnels have been shown to advance June bearing strawberries 
yields by approximately 4 weeks.  Plug plants are generally used to establish high tunnel 
strawberry plantings in the fall.  The optimal planting date for Chandler plug plants in 
high tunnels is about September 7th.  Approximately 600 plug plants will be needed to 
fill a 14’ x 96’ high tunnel.  Depending on available space and management styles, 
mother plants should be established 8 to 18 weeks prior September 7th.  Table 7.1 gives 
an approximate timeline and runner tip yields for mother plants throughout the 
production season.  If mother plants are established on 21 July (8 weeks prior to the 
September 7th field planting), approximately 150 (500 plants / 40 tips per 10 mother 
plants = 150) mother plants will be required to produce 600 runner tips.  However, if 
mother plants are planted on 1 June (14 weeks prior to the September 7th field planting 
date), only about 86 (600/70= 8.6 * 10= 86) mother plants will be required to produce 
the desired 600 runner tips. 
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Pests: The best way to control pests is to keep them out.  Sanitation should be a 
number one priority.  The greenhouse or shade structure should be kept clear of 
unhealthy plant material, and workers should use caution to keep mud and other 
potential sources of inoculum out (Louws, 2004).  Preventing runners from contacting 
the soil will help reduce the risk of fungal diseases.  Powdery Mildew is sometimes a 
problem for mother plants grown in a greenhouse environment.  Periodic sulfur sprays 
such as Thionex a will provide adequate control.    The high humidity rooting 
environment is prone to fungal rots.  Caution should be used to prevent excessive 
misting of runner tips (Louws, 2004).  Periodic fungicide applications may also be 
needed to prevent plant losses on the misting bench.  Captan works well once the plugs 
are rooting, but should not be used in the early rooting phase as it has been shown to 
inhibit root formation (Louws, 2004). A sulfur spray such as Thionex can also be used at 
a rate of 1 to 1 ½ oz per gallon.  Aphids and thrips can also be a problem in greenhouses.  
Both aphids and thrips can be controlled with insecticidal soap.   
Mother plant availability: Some of the newest strawberry cultivars are protected 
by plant patent.  These cultivars cannot be propagated without permission of the patent 
holder, even for small acreage use.  Propagating patented cultivars without permission 
violates the law.  The nursery that supplies your mother plants will know the patent 
status of the cultivar.   Always start with clean mother plants that are certified as 
disease- and virus-free. 
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Summary 
 
Strawberry plug plants are an excellent method for establishing fall strawberry 
plantings either in the field or in high tunnels.  Plug plants provide appropriate levels of 
vegetative vigor for successful spring harvests.  One of the drawbacks with plug plants is 
that they are not commercially available at the correct time for fall planting in northern 
Utah.  However, with some attention to detail, plug plants can be readily produced in a 
local or on site greenhouse or shade structure.  
 
Disclaimer:  Mention of trademark names does not constitute a guarantee, warranty, or 
endorsement of the named products.  Mention of trademark names also does not imply 
criticism of similar products not named. 
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Table 7.1 Approximate runner tip production timeline for a suspended growing system in a 
greenhouse. 
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Figure 7.1 Strawberry plug plant 
Figure 7.2 Suspended growing system 
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Figure 7.3 Suspended growing system with hanging runners 
Figure 7.4 Root pegs on strawberry runner tip 
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Figure 7.5  Properly sized runner tip.  Note 2 fully 
expanded trifoliate leaves as well as extra ½” of 
runner that is used to anchor the plant (arrow). 
Figure 7.6 Anchored runner tips 
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CHAPTER 8 
 
EARLY AND LATE SEASON EXTENTIONS FOR RASPBERRIES IN HIGH TUNNELS 
 
Introduction 
The Pacific Northwest region of the United States produces nearly 100% of the 
processed red raspberries in the United States, about 27.2 million kg of raspberries annually, of 
which more than 95% is processed (NASS, 2009).  While the Pacific Northwest dominates the 
processed market, the south and central coasts of California dominate the U.S. fresh market.  
From 2006 to 2008 California produced an annual average of 35 million kg of raspberries (NASS, 
2009), the majority of which are sold on the fresh market (Sjulin, 2003).  
While Utah does not have large areas with climates ideally suited for raspberry 
production, there are a few areas suitable for small-scale commercial production.  In 2007, the 
Census of Agriculture reported that 44 ha of raspberries were being produced in Utah (Clark, 
2009), compared to 4,533 ha in the PNW and 1,781 ha in California.   Climatic differences 
prohibit the Utah industry from competing directly with the California industry in the regional 
wholesale fresh market.  However, Utah growers have the opportunity to supply niche markets 
that favor locally grown, high quality, fresh raspberries.  Extending the production season 
affords producers the opportunity to maximize the price premiums of local markets.  Pritts 
(2006) reported that in-season raspberries in the Northeast United States sold for $6.61 per kg., 
compared to $14.76 per kg for out-of-season high tunnel raspberries.    
The use of high tunnels is one method that growers can use to extend the raspberry 
season.  Researchers in Pennsylvania showed that high tunnels could be used to advance the 
harvest of floricane fruiting raspberries cultivars by about one month (Demchak, 2009), whereas  
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primocane-fruiting raspberry production could be extended 2 to 3 weeks later in the fall 
(Demchak et al., 2006).  The primocane-fruiting cultivar ‘Heritage’ is typically harvested for 5 
weeks in the Northeast United States before the first hard frost terminates production.  Pritts 
(2008a) reported that high tunnels extended the season in New York by 5 weeks.   
In addition to high tunnels, other methods can be used to extend or delay primocane-
fruiting raspberries.  Pritts (2006) examined a number of methods for delaying ‘Heritage’ 
harvest, including an application of straw mulch in February to delay cane emergence, mowing 
canes to the ground shortly after emergence, pinching primocanes (removing the top 10 to 15 
cm) when canes reaches about 0.6 m  tall, and pinching canes when they were about 0.9 m tall.  
All treatments were found to be effective in delaying the harvest season, but a soft pinching of 
‘Heritage,’ or removing the apical meristem, when canes were about 0.75 m tall promoted 
branching and delayed flowering and fruiting by 3 to 4 weeks in comparison to untreated 
controls (Heidenreich et al., 2008).  Another method for extending the season is through the use 
of floating row covers (Heidenreich et al., 2008).  Floating row covers come in a variety of 
materials and weight.  One of the more common types is a spunbonded polyester or 
polypropylene row cover.  The Center for Plasticulture, housed at Penn State University, reports 
that spunbonded row covers can provide a temperature lift of 2 to 4 degrees C in the spring, 
with a slightly greater temperature lift in the fall (PennState, 2008).  Depending on local weather 
conditions, a 2 to 4 degree C temperature lift may or may not extend the season significantly.   
High tunnel growing space can be expensive to construct and maintain.  One method for 
maximizing high tunnel space is to use containerized plants.  Containerized plants allow a single 
high tunnel to be used for both early and late season extension.  Floricane fruiting cultivars are 
moved into the tunnel in the winter to encourage early growth and flowering.  After production 
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of early season cultivars is terminated, plants can be removed from the tunnel and replaced 
with primocane-fruiting cultivars, allowing for late-season extension (Bushway et al., 2008; 
Heidenreich et al., 2008). 
A recent article in HortTechnology reported that 20 U.S. states or Canadian provinces 
were conducting research on growing small fruit crops in high tunnels.  Most of this work was 
focused on strawberries or raspberries.  Except for the work reported here, the remaining sites 
are at lower elevations (<300 m) with dramatically different climatic conditions (Demchak, 
2009).  While research conducted at these sites can provide insights for the Intermountain 
West, the unique climate of this region prohibits immediate adoption of successful growing 
methods from other areas of the country.   
The primary objective of this research was to evaluate production systems for high 
tunnel raspberry production for the Intermountain West.  Specific objectives were to determine 
the season extension benefits of high tunnels, the use of containerized plants for maximizing 
high tunnel space for both early and late season extension, and pinching as a method for 
delaying fruiting of primocane-fruiting raspberry cultivar ‘Caroline.’   
Materials and Methods 
The two high tunnels used for this experiment were 9.1 m wide by 9.1 m long and 5 m 
tall at the peak.  One high tunnel was used for both early and late season extension, while the 
second high tunnel was used only for late season extension.  Temperature regulation was 
accomplished with ventilation.  Roll up side walls were 1.4 m tall and roll up end walls were 2.4 
m tall.  Each end wall was also equipped with a 1 m wide by 2 m tall gable vent.  High tunnels 
were divided into 4 rows that were on 2.1 m centers.   The first high tunnel used in the 
experiment had three rows or replications that were dedicated to raspberry production and 
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were divided into three plots or treatments that were each 2.7 m long and contained in ground 
summer bearing raspberries, above ground containerized raspberries, and below ground pot-in-
pot containerized raspberries.  The second high tunnel used in the experiment had two rows 
dedicated to in-ground fall bearing raspberries.  Rows were divided in half where one half of 
each row was subjected to a pinching treatment. 
High Tunnel Management:  Floricane fruiting cultivars were managed to promote early 
growth in the spring.  The floricane fruiting high tunnel was managed in the spring to provide as 
close to optimal conditions as possible (20 to 26° C).  The high tunnel containing primocane-
fruiting cultivars was left open and subjected to cooler outdoor temperatures to discourage 
early growth.  During the summer months, the plastic covering was not removed from the high 
tunnels due to the difficulty in removing and replacing it.  However, all sides and vents were 
open and 40% light reduction shade cloth was placed over the plastic for temperature reduction 
during the day.  During the fall months, both high tunnels were managed to provide as close to 
optimal conditions as possible (20 to 26° C).  During the winter of 2007/2008 high tunnels 
remained closed the entire winter.  During the 2008/2009 winter, high tunnels were closed only 
when temperatures were predicted to fall below -8°C. 
Cultivars: ‘Tulameen’ and ‘Caroline’ were the cultivars used for these projects based on 
previous reports of suitability for high tunnel production (Heidenreich et al., 2008).   ‘Tulameen’ 
is a summer-bearing raspberry valued for its high quality fruit, and has been shown to 
consistently produce in a greenhouse system (Bushway et al., 2008; Heidenreich et al., 2008). 
However, plants are only marginally hardy, and are not recommended for field production in 
cold climates (Handley and Weber, 2008).   
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‘Caroline’ is a primocane-fruiting cultivar with relatively large, good-flavored, conical 
fruit with good firmness and color that ripens 7 to 10 days earlier than ‘Heritage’ (Handley and 
Weber, 2008).  Pritts (2006) classified ‘Caroline’ as a high quality cultivar that was limited in 
production in the Northeast by the first fall frost.  ‘Caroline’ is less susceptible than ‘Heritage’ 
and some other fall-bearing cultivars to heat stress including druplet bleaching (Black, 
unpublished). 
 Containerized Growing Systems:  Two container systems were compared to in-ground 
planting (IG) for maximizing production in the high tunnel space.   Plants grown in pots above 
ground (AG) on black woven weed fabric, were compared to potted plants placed within a 
socket pot buried in the ground and surrounded by woven weed fabric (pot-in-pot, PIP).  Pots 
were 38 cm in diameter and 30 cm tall, rated at 26 L volume and contained a 2:2:1 peat: 
vermiculite: sand mix (Koester and Pritts, 2003).  Plants were established in 2007 from 
commercial bare-root nursery stock. 
The AG treatment was modeled after a greenhouse production system developed in 
New York (Bushway et al., 2008; Heidenreich et al., 2008; Koester and Pritts, 2003) where 
summer-bearing plants are forced to fruit earlier in the spring and replaced by fall-bearing 
plants that fruit later into the fall.  For summer production, potted ‘Tulameen’ plants were 
moved into the high tunnels in late fall.  Tunnel management during the winter was focused on 
tempering extreme low night time temperatures.  Management in early spring was to promote 
early flowering and fruit development.  About 1 Aug., after fruit harvest was complete, the pots 
were removed from the tunnel and placed in an outdoor nursery area on weed fabric.  Pots 
planted with ‘Caroline’ (primocane) replaced the ‘Tulameen’ (floricane) plants in the tunnel for 
fall production.  The tunnel was then managed to protect developing fruit from fall frosts. 
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The PIP system was the same as the AG system described above, with the exception that 
pots were set into “socket pots” that were buried in the ground both during the period that the 
plants were in the high tunnel and in the outdoor nursery area.  In the high-elevation arid valleys 
of the Intermountain West, potted nursery plants are affected by unfavorably high root zone 
temperatures.  The PIP system is used commercially in the nursery to keep roots of potted trees 
at favorable temperatures by placing the pots below ground inside of a socket pot (GUNNELL, 
2006). Similar to the other container system, ‘Tulameen’ was moved into the tunnel in late fall 
after the ‘Caroline’ had finished fruiting and remained in the tunnel until the following summer.  
‘Caroline’ then replaced the ‘Tulameen’ in the tunnel, and the ‘Tulameen’ were returned to the 
outdoor nursery area. 
In Ground: The more traditional approach to high tunnel raspberry production is 
planting the plants directly into the ground (IG).  In this case, ‘Tulameen’ was planted in the high 
tunnel that was managed to promote early spring growth and ‘Caroline’ was planted into the 
high tunnel that was managed to delay fruiting until late in the season, and promote late fall 
fruit growth.  Plants were established in 2007 from commercial bare-root nursery stock. 
Field Comparison: The field comparison was planted similar to the in-ground system.  
However, plants were planted on 3.05 m row centers, with an initial in-row spacing of 60 cm.  
The outside plants were used as a comparison to quantify the season extension provided by the 
high tunnels. 
Pinching:  One half of the IG ‘Caroline’ plants were subjected to a pinching treatment 
when canes were approximately 1 m tall.  The pinching treatment consisted of removing the 
apical meristem of the cane (the top 3 to 5 cm). 
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Fertility:  During the first two years of establishment (2007 and 2008), all plants were 
fertilized with slow release 18-6-12 fertilizer (Osmocote®, The Scotts Company LLC, Marysville, 
Ohio).  A split application was made in May and June for a total of 35 g (12.5 g total N) per pot.  
The IG and field systems were fertilized using the same slow-release fertilizer at a rate of 78 
kg·ha-1 actual N.  During the 2009 season, all plants were fertigated at a rate of 7.8 kg·ha-1 actual 
N per week, for a total of 90 kg·ha-1 actual N. 
Data collection: Throughout both growing seasons, ripe fruit was harvested twice 
weekly.  Total mass of ripe fruit was determined for individual plots, average fruit size was 
determined on a 10-fruit sample, and marketability was estimated on a visual rating.   
Data analysis: Data were analyzed using the PROC MIXED procedure of the SAS 
statistical analysis software with a statistical significance of P=0.05.  High tunnel summer- 
bearing raspberries were analyzed together as a complete block design with three replications 
and three treatments.  High tunnel primocane-fruiting raspberries were analyzed together as an 
unbalanced complete block design with four treatments, and 3 replications for the containerized 
system and 2 replications for the IG system.  
Results and Discussion 
 Early Season Extension: ‘Tulameen’ was selected for this experiment because it has high 
quality fruit and was previously shown to be adapted to greenhouse production (KOESTER and 
PRITTS, 2003).  Although ‘Tulameen’ is generally not adequately hardy for consistent field 
production in Utah’s colder production areas, it was hypothesized that high tunnels would 
provide protection from the cold winter temperatures.  In-ground (IG) high tunnel mean yields 
for 2008 were 500 g·m-1 of row (2,343 kg/ha), compared to 82.7 g·m-1 for the field planting (271 
kg/ha) (table 8.1), indicating that the high tunnels provided some winter protection.  However, 
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when compared to other commercial production systems in the United States (6,000 – 30,000 
kg/ha (NASS, 2009)) yields were still considered extremely low and winter injury in the form of 
damaged buds was observed on canes of both field and high tunnel grown plants.  Thus it was 
difficult to determine if the high tunnels had any significant effect on early yields.  During 2009 
similar yields were observed for both the high tunnel and field treatments (table 8.1).  
Significant early season extension was not detected in either 2008 (data not shown), or 2009 
(Fig. 8.1).  These results indicate that ‘Tulameen’ is a poor choice for high tunnel raspberry 
production for the in-ground system.  While ‘Tulameen’ may be an attractive option for 
greenhouse production, or warmer areas of the US (Bushway et al., 2008; Koester and Pritts, 
2003), high tunnels did not provide sufficient winter protection in the high-elevation climate of 
the Intermountain West.   
Late Season Extension:  Overall yields appeared to be higher for the IG system than for 
field-grown ‘Caroline’ (table 8.2).  However, the increase in yields was not attributed to 
significant late season extension, but rather to early season extension.   During 2008, significant 
high tunnel production began 1 Sept, with peak yield occurring the week of 6 Oct.  On 9 Oct. 
high winds caused one of the high tunnel vents to fail, and freezing temperatures later that 
night severely injured the remaining crop.  Outdoor production began approximately 2 weeks 
later than high tunnel production (Fig. 8.2), with significant yields beginning 15 Sept.  The same 
freeze event on 9 Oct. also ended field production.   
During the 2009 season, high tunnel production began approximately 2 weeks earlier 
than in 2008, with the first significant harvest on 18 Aug, and peak production occurring on 1 
Sept (Fig. 8.2).  High tunnels advanced the growing season by approximately 1 week, and 
increased yields by 46%.  Significant field production began 25 Aug, and peaked about 8 Sept.  
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The first fall freeze on 6 Oct. ended field production.   Although production in the high tunnel 
did extend through October, October yields were extremely low. 
Researchers in Pennsylvania determined that fall frosts limited  yields for  ‘Heritage’ and 
‘Autumn Britten’ to only 18 and 50%, respectively (Demchak, 2009).  Pritts (2008a)  reported 
that high tunnels in western New York extend the production season of ‘Heritage’ by as much as 
5 weeks (Pritts, 2008a), with yields of  3 kg·m-1.  Although 2009 ‘Caroline’ yields (3.8 kg·m-1) were 
higher than reported for New York, the season was not extended significantly later.  In 2009, 
95% of the total crop was harvested before the first fall frost field production, with the 
remaining 5% of high tunnel production spread out over 3 weeks, through 24 Oct.  This suggests 
that most of the production potential of ‘Caroline’ was reached before fall frost, but that high 
tunnels can potentially provide at least 3 weeks of season extension for Utah raspberry growers. 
One method for delaying primocane-fruiting raspberries is to delay cane emergence and 
development in the spring (Pritts, 2006).  In this study the high tunnel remained covered the 
entire winter, with black weed barrier in the aisle ways of the high tunnel.  Although the tunnel 
remained opened at temperatures above -8°C, the lack of snow cover and combination of black 
weed barrier in the aisle ways prevented the ground from freezing hard.  In the spring, canes 
emergence was observed to be advanced by 1 to 2 weeks compared to the field trial.  
Additionally the plastic high tunnel covering that remained in place throughout the season 
minimized the expected temperature reduction effect of the shade cloth during the summer, 
which may have contributed to the advanced fruiting of ‘Caroline’.   
 Soft pinching, or removing the apical meristem when canes are about 0.75 m tall has 
also been shown to delay flowering and fruiting (Heidenreich et al., 2008).  Our results indicated 
that yield was slightly decreased with soft pinching (table 8.2), but no significant production 
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delay occurred in the high tunnels (Fig. 8.2).  Outdoor yields were similarly depressed with the 
soft pinch, but the start of harvest appeared to be delayed by approximately 3 to 7 days in 2008 
and 2009.   It is not clear why the pinching treatments in the high tunnels were not as effective 
as previously reported.  Perhaps cultivar differences, climate differences, or differences pinching 
severity caused the discrepancy.  Pritts (2006) reported that pinching ‘Heritage’ by 10 to 15 cm 
when primocanes were 75 cm tall delayed fruiting by 3 to 4 weeks.  In the present study, 
pinching of ‘Caroline’ was later (1 m) and less severe (3 to 5 cm).   
Containerized growing system: Among the containerized systems there was no 
significant difference in yield or production season between PIP and AG (tables 8.1 & 8.2).  
‘Tulameen’ PIP yield for 2008 was 0.15kg·m-1 compared to 0.07kg·m-1 for the AG system.  
However, these differences were not statistically significant (P=0.08) likely due to low replication 
number.  Yields for both containerized systems were significantly lower than the IG system at 
0.50 g·m-1 (table 8.1).  In 2009, ‘Tulameen’ IG yield was 1.13 kg·m-1, compared to 243 and 172 
g·m-1 for the PIP and AG systems, respectively (table 8.1).  Although differences in either year 
between containerized systems were not significant, yields for the PIP system were slightly 
higher than the AG system in both seasons, suggesting a potential benefit likely due to root zone 
temperature.   
No differences were observed in either year for the containerized ‘Caroline’ growing 
systems, with both treatments yielding 0.25 and 0.82 kg . m-1 in 2008 and 2009, respectively 
(table 8.2).  Meanwhile, 2008/2009 yields for the IG system were 1.04 and 3.40 kg . m-1, 
respectively.  As can be seen, the containerized plants performed poorly in comparison to the in 
ground planted plants.   
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Overall, neither of the containerized growing systems compared well to the in ground 
systems for either cultivar, or the low levels of productivity do not warrant use of these systems 
at this time.  Some of the possible reasons for the poor performance of the PIP/AG systems 
could include inadequate fertility, intermittent drought stress and root zone temperature 
fluctuations.  Koester and Pritts (2003) recommend that plants should receive a water soluble 
fertilizer solution at 100 ppm N at least once per week during the establishment year.  Other 
recommendations include applying 28 to 39 kg·ha-1 actual N in the establishment year, with that 
rate increasing to 39 to 62 kg·ha-1 and 45 to 90 kg·ha-1 in the second and third year, respectively 
(Pritts, 2008b).  During the first two seasons, slow release fertilizer (18-6-12 Osmocote Classic) 
was applied twice during the growing season at a rate of 12.5 g actual N to each pot.  This rate 
corresponds to about 129 kg N per hectare.  During the summer of 2009, fertilizers were applied 
via fertigation.  Nitrogen was applied at a rate of 5.6 kg·ha-1 per week from mid April to the end 
of August, for a season total of 90 kg·ha-1.  Recent research has shown that the release rate for 
slow release Osmocote® fertilizer does not last as long as specified, with highly non-linear 
release over time which is exaggerated by temperature (Adams, 2010).  It is hypothesized that in 
our study the release rates may have been very rapid due to high root zone temperatures.  Thus, 
plant nutrition may have cycled between excessive and deficient throughout the growing season 
and contributing to decreased yields and plant health. 
While soil temperatures would typically fluctuate less than air temperatures, root zone 
temperatures in the AG treatment would have been close to that of the surrounding air.  Thus 
root zone temperatures throughout the summer were likely higher than the IG system, and 
lower during the winter.  Koester and Pritts (2003) reported that root systems can be damaged 
at temperatures below -6°C.  Minimum air temperatures in November 2007 and 2008 were 11 
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and   -8°C, respectively.  Further, minimum air temperatures in the high tunnels were -20°C in 
January 2008 and -16°C in January 2009.  Lack of protection around the pots likely led to some 
root injury during these cold periods.  More work is needed to understand the root zone 
temperatures effects of each system, and then to develop management methods whereby root 
zone temperatures can more closely by optimized.     
 Intermittent drought stress may have been another problem associated with the 
containerized growing systems.  Irrigation water was delivered by drip system, with a single 
emitter placed in each pot.  Approximately 11 L of water was applied per pot every 2 to 3 days 
during the hot summer months.  However, the potting mix had poor water holding capacity and 
poor lateral wetting, resulting in wetting of only a portion of the root volume.  This combination 
of poor water holding capacity and poor lateral wetting resulted in short-term intermittent 
drought stress. 
  These results indicate that ‘Tulameen’ is a poor choice for high tunnel raspberry 
production.  While ‘Tulameen’ may be an attractive in other areas of the US, high tunnels were 
unable to provide sufficient winter protection in the high-elevation climate of the Intermountain 
West.  High tunnel appeared to increase ‘Caroline’ yields compared to a field comparison.  
However, this increase in yield is not attributed to late season extension, but rather early season 
extension.  It appears that ‘Caroline’ fruits too early to successfully be used in high tunnel 
production in the Intermountain West region, and a later fruiting cultivar should be selected.  
With both cultivars, yields from the containerized were too low to warrant use in commercial 
production.  Our results suggest that more work needs to be done to improve growing 
conditions for containerized growing systems, especially in the areas of fertility, soil mixture, 
irrigation, and root zone temperature.   
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Table 8.1  Total 'Tulameen' yields (kg / m) for raspberry growing
systems.
2008 2009
High tunnel pot above ground 0.07 0.17
High tunnel pot-in-pot 0.15 0.24
High tunnel in-ground 0.50 1.13
Outside in ground z 0.08 1.22
ANOVA
Factor
Growing System < 0.001   
   Containerized vs. IG < 0.001   
   AG vs PIP 0.272
z single replication prevented statistical analysis
kg/m
P- value
0.538
0.018
0.043
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Figure 8.1.  Effect of high tunnels on 2009 ‘Tulameen’ yields.  Values are grams per linear meter 
row (g/m). 
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CHAPTER 9 
ENTERPRISE BUDGET FOR HIGH TUNNEL FALL RASPBERRY PRODUCTION 
Introduction 
The Pacific Northwest and California are the dominate areas for raspberry production 
within the United States.  While Utah does not have large areas with climates ideally suited for 
raspberry production there are a few areas that are suitable for small-scale production.  Climatic 
differences prohibit the Utah industry from competing with California and the Pacific Northwest.  
However, Utah growers have the opportunity to supply niche markets that favor locally grown, 
high quality, fresh raspberries.  High tunnels have been shown to extend the raspberry season 
into the fall by as much as 5 weeks in New York (Pritts, 2008), thereby allowing producers to 
obtain price premiums for both local and out-of-season raspberries.  Price premiums for out-of-
season raspberries have been reported to be double that of in-season raspberries (Pritts, 2006; 
Koester and Pritts, 2003). 
This paper includes an enterprise budget for high tunnel fall raspberry production (table 
9.1), as well as a partial budget that compares fall high tunnel raspberry production to a 
traditional field plantation (table 9.2).  This high tunnel budget is based on a system developed 
at the USU Greenville Research Farm in North Logan, UT (Rowley et al., 2009; Ch. 10).  Included 
in this paper is an explanation and discussion of some of the major costs involved in high tunnel 
fall raspberry production, as well as some of the alternatives that might be considered.  Unless 
otherwise specified, prices in this budget were recorded as supplies were purchased from local 
retailers for use in high tunnel raspberry production between 2007 and 2009.  The amount of 
supplies used in establishing and maintaining the high tunnel raspberry planting, as well as 
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production was recorded and adjusted for commercial production in a 30 ft wide by 96 ft long 
high tunnel.   
This enterprise budget is broken into two parts.  The first section of the budget includes 
annual operating receipts and costs (yearly income and expenses from operations).  The second 
section describes the capital investment expenses and gives an annual depreciation expense for 
the capital investments.  Depreciation is an accounting tool used to match the portion of the 
capital expense to the period in which it was used. This budget uses the straight line 
depreciation method and will assume no salvage value at the end of the useful life.  This means 
that the total cost of the capital investment (high tunnel, raspberry planting, irrigation system, 
etc.) was divided by the useful life of the investment and recorded as the annual depreciation 
cost, or the depreciation expense for using the assets each year.  Based on experience from the 
Utah State University high tunnel project, the estimated useful life of these assets is 
approximately 10 years.   
 
Sales 
 
Prices for in-season raspberries, as well as price premiums for out-of-season raspberries 
will depend on local market options.  Researchers in New York suggest that consumers are 
willing to pay up to double regular season price for out of season produce (Koester and Pritts, 
2003).  Our limited experience suggests that a 50% markup over regular season prices is a 
reasonable price to start with. Raspberries produced by the USU high tunnel project were sold 
at a local university plant shop where a 6 oz. clamshell of in-season fruit was normally sold for 
$2.50 to $3.00, and a 6 oz. clamshell of out-of-season fruit was sold for $3.50 to $4.50.  While 
prices tended to be toward the bottom of the given price ranges most of the time, it is expected 
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with an established market that prices would tend to be on the higher end of the given price 
ranges.   
 
Yields 
 
The fall in-season raspberry harvest was considered to be all berries harvested before 
the first killing frost.  These particular data were extrapolated from 2008 and 2009 harvest data 
collected in research plots using 2- and 3-year-old ‘Caroline’ raspberry plants, assuming four 90 
ft rows per high tunnel.  The fall out-of-season raspberries included all harvested berries after 
the first killing frost.  The USU high tunnel project experienced complications during the 2008 
season resulting in yields that were less than anticipated.  During the 2009 year, the raspberry 
harvest was earlier than expected, and plants were basically finished fruiting by the first killing 
frost in early October.  However, using the combination of high tunnels and floating row cover 
(1.5 oz / sq yard), berries were harvested through 24 Oct. 2009.  With supplemental heat on a 
couple of the coldest nights, the season quite possibly could have been extended slightly longer.  
The biggest problem with the current system is the variety selection.  ‘Caroline’ is simply too 
early for high tunnel use at the North Logan location.   
In the coming years, USU will continue to test other, later fruiting, varieties and will 
publish yield and other information as it becomes available.  Individual producers should also 
carefully analyze their individual locations and management styles and adjust the budget 
accordingly.  In addition, cultural practices such as tipping (removing the apical meristem of 
primocanes) can delay harvest, thus pushing production later into the fall in order to take 
advantage of out-of-season price premiums.  Floating row covers can also be used for frost 
protection in the fall.  Farmers might also find that the use of active heating, such as heaters, 
may be used in certain circumstances to help prevent crop loss on particularly cold fall nights, 
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especially when a short period of cold weather is expected to be followed by a longer period of 
warmer weather.   
 
Labor 
 
Monitoring and Ventilation:  Monitoring and ventilation represent a significant cost in 
high tunnel fruit production.  This particular budget assumes that tunnels need to be monitored 
and ventilated for a period of 2 ½ months (Sept 1 – Nov 15).  From our experience it takes about 
15 minutes of actual work time per day to open and close the high tunnels.  This does not 
account for travel time to and from the farm, nor does it account for labor to manage row 
covers, which if used, require significant time to manage.  The use of multiple high tunnels in a 
single location would reduce the amount of travel time allocated to each individual high tunnel.  
Growers might find that it is economical to install electric fans and or motors that would 
automatically vent high tunnels at the appropriate times.  While this would require a larger up 
front capital expenditure, growers may find that an automatic venting system will save them 
money in the long run. 
Hand Harvest:  Harvest costs were calculated using data collected from our research 
plots.  Our calculations are very consistent in showing that it takes approximately 42 minutes 
per every 100 feet of row, plus 5.8 minutes for every 6 oz. clamshell of raspberries picked. 
 
Tunnel Construction 
 
The initial cost of the high tunnel will vary by type and size.  The price given in this 
enterprise budget is for a basic 96’ Nor’Eastern Greenhouse frame (Rimol, 2009).  Prices can be 
higher or lower depending on design specification and other options that are included with 
individual structures.  Labor is based on budgets included in a high tunnel bulletin published by 
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Cornell University (Heidenreich et al., 2008).  It is expected that construction labor will vary 
significantly depending on skill and experience. 
 
Irrigation System 
 
This enterprise budget assumes that a year round water source is located in very close 
proximity to the high tunnel(s).  If this is not the case, installation of such a system will be 
required and need to be accounted for.  While fertigation is the preferred means of managing 
fertility, other methods may be employed.  The largest cost associated with irrigation system is 
the fertilizer injector station.  However, with a little planning and minimal effort, a single injector 
station can be located next to the water source, and service multiple high tunnels and crops.  
 
Net Income 
 
Based on the management system developed at the Utah State University high tunnel 
research facilities, net income for a 30 x 96 ft high tunnel is estimated to be $1,534.  This 
includes total sales of $6,847 less total expenses of $5,313.  Total expenses include annual 
operating expenses, or the expenses associated with yearly production; as well as the annual 
depreciation costs of the high tunnel, plant establishment, trellis, and irrigation system.  
Because the high tunnel and irrigation systems are used over multiple years, an equal portion of 
their total cost (depreciation) was assigned to each year that they were expected to remain in 
service (10 yrs).    
 
High tunnel vs. Field planting 
 
 A partial budget comparing the economics of high tunnel vs. field production can be 
seen in table 9.2.  Added returns from the high tunnel are the total sales provided by the high 
tunnel.  Reduced returns indicate the reduced sales that can be expected when comparing a 
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traditional field planting to a high tunnel planting.  These returns are based on reduced yields 
from field planting as well as the absence of price premiums for out-of-season raspberries.  
Added costs for the high tunnel are the added supplies and labor that is required in high tunnel 
raspberry production based on the management system developed at the Utah State University 
high tunnel research facilities.  Our results indicate that a 30 x 96 ft long high tunnel decreases 
net income by $533 compared to an equivalent field planting.     
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Table 9.1 High Tunnel Fall Raspberry Enterprise Budget.
Sales units quantity unit price total
Fall In-Season Raspberries (before first fall frost) 6 oz. clamshells 1960 3.00$         5,880.00$     
Fall Out-of-Season Raspberries (after first fall frost) 6 oz. clamshells 215 4.50$         967.50$         
Total Sales 6,847.50$     
units quantity unit cost total
Supplies
Amonium Sulfate (21-0-0) lbs 27 0.30$         7.97$               
Leaf tissue test each 1 35.00$      35.00$            
Baling twine for trellis 100 ft 16 0.42$         6.72$               
Pesticides application 1 10.00$      10.00$            
Raspberry Harvest
6 oz clamshells each 2175 0.16$         348.00$         
Total Supplies 407.69$         
Labor
Preplant and preperation costs
Fertigation hours 2 10.00$      20.00$            
pesticide applications hours 3 10.00$      30.00$            
hand weeding hours 4 10.00$      40.00$            
plastic and shade cloth hours 8 10.00$      80.00$            
Monitoring and ventilation hours 20 10.00$      200.00$         
Train Canes and Trellis hours 4 11.00$      44.00$            
Raspberry Harvest
Hand harvest hours 270 10.00$      2,702.50$     
Post Harvest
House clean out and pruning hours 4 10.00$      40.00$            
Total Labor 3,156.50$     
Annual Operating Expenses (supplies and labor) 3,564.19$     
Annual Depreciation Cost of High Tunnel 1,622.30$     
Annual Depreciation Cost of Plant Establishment 58.81$            
Annual Depreciation Cost of Trellis System 27.24$            
Annual Depreciation Cost of Irrigation System 40.77$            
Total Expenses 5,313.31$     
Net Income 1,534.19$     
30' x 96' high tunnel
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Expected Life Span (yrs) 10
HT only HT only
Tunnel Construction units Useful life (yrs) quantity unit cost total
High Tunnel  
High Tunnel each 10 1 9,943.00$ 9,943.00$    
High Tunnel Construction Labor hours 10 166 10.00$      1,660.00$    
6 mil Greenhouse f ilm each 10 2.5 1,368.00$ 3,420.00$    
Shade Cloth each 10 2 600.00$    1,200.00$    
Total Cost of High Tunnel 16,223.00$  
Annual Depreciation Cost 1,622.30$    
Plant Establishment
Supplies
Dormant Raspberry Plants each 10 144 1.40$        201.60$       
Soil Sample each 10 1 14.00$      14.00$         
Fuel gal. 10 5 2.50$        12.50$         
Preplant fertilizers and amendments application 10 1 50.00$      50.00$         
Labor
Planting Labor hrs 10 3 10.00$      30.00$         
Soil Sample hrs 10 0.5 10.00$      5.00$           
Apply preplant fertilizers and soil amendments hrs 10 1 10.00$      10.00$         
Equipment operator for groung prep hrs 10 4 10.00$      40.00$         
Monitoring and Ventilation hrs 10 22.5 10.00$      225.00$       
Total Cost for Plant Establishment 588.10$       
Annual Depreciation Cost for Plant Establishment 58.81$         
Trellis System
Supplies
U-shaped t-posts each 10 24 5.39$        129.36$       
2x4x8 lumber each 10 16 1.73$        27.68$         
2 1/2 inch screw s lbs 10 1 8.67$        8.67$           
Baling Tw ine 100 ft 10 16 0.42$        6.72$           
Labor 
Trellis instalation hrs 10 10 10.00$      100.00$       
Total Cost for Trellis 272.43$       
Annual Cost for Trellis $27.24
Irrigation system
3/4" poly pipe ft 10 30 0.42$        12.60$         
1" valve each 10 1 5.15$        5.15$           
misc f ittings each 10 20 1.00$        20.00$         
drip hose adapter each 10 4 0.56$        2.24$           
Drip Tape ft 10 384 0.05$        19.20$         
*injector each 10 1 265.00$    265.00$       
* f ilter each 10 1 12.50$      12.50$         
* pressure regulator each 10 1 11.00$      11.00$         
*Instalation hours 10 6 10.00$      60.00$         
Total 407.69$       
Annual Cost of Irrigation System $40.77
*can be used for multiple high tunnels
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Added returns from high tunnel 6,848$    
Reduced returns from Field 3,513$    
Added costs for high tunnel
Supplies
Clamshells 161$        
Labor
Monitoring and Ventilation 200$        
Hand Harvest 972$        
Annual Cost of High tunnel 2,310$    
Annual Cost of Establishment 225$        
3,868$    
Net income for HT compared to field (533)$      
Table 9.2. Partial budget comparing a 30' x 96'  
high tunnel planting of fall bearing 'Caroline' 
raspberries to an equivalent field plantation.  
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CHAPTER 10 
 
FALL BEARING RASPBERRIES IN HIGH TUNNELS (USU EXTENSION FACTSHEET)1 
 
 
Introduction 
High tunnels have proven to be an effective method for extending the raspberry 
growing season in Utah and other areas of the United States.  Depending on the climate, 
outdoor fall-bearing raspberry yields can be reduced significantly by the first killing frost 
in the fall.  High tunnels are one means of frost protection, and when used in 
conjunction with other frost protection methods can extend the growing season 
significantly.  Researchers in New York have effectively extended the raspberry growing 
season through November (Heidenreich et al., 2008).  While this may or may not be the 
case for climates with large diurnal temperature fluctuation such as Utah’s high 
elevation desert valleys, the raspberry season can be significantly extended with the use 
of high tunnels. 
 
Site Selection 
 
Raspberries should be planted in well drained soils.  Poorly drained soils often 
lead to plant disease problems.  In marginal soils, raspberries can be planted on raised 
beds, which will increase soil drainage.  Additionally, brambles should not follow crop 
rotations of tomato, potato, eggplant, or strawberry for at least four to five years to 
avoid phytophthora root rot (Bushway et al., 2008b).  When growing raspberries in high 
                                                 
1
 Coauthored by: Brent Black, Extension Fruit Specialist; and Dan Drost, Extension Vegetable Specialist 
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tunnels, the high tunnels should be positioned to absorb maximum solar radiation from 
the south.  When multiple high tunnels are used, there should be sufficient distance 
between tunnels to avoid one tunnel shading the next. High tunnels should always be 
located near a year-round water supply to provide for irrigation.  High tunnels should 
also be located in areas that are protected from high winds to reduce the risk of 
structural damage.  
 
Site Preparation  
 
Establishing raspberries in a high tunnel is nearly identical to field establishment.  
Prior to planting, soil samples should be taken and a soil test performed by a reputable 
lab.  The Utah State University (USU) Analytical Laboratory located on the Logan campus 
provides soil testing services.  To learn more, visit their website at 
http://www.usual.usu.edu.  Based on test results, recommended amendments should 
be added and tilled into the soil to a depth of at least one foot.  If the high tunnel is not 
yet in place, larger equipment can be used to work the soil up to a depth of 2 feet.  Soil 
amendments can then be added and tilled in to a depth of 4-10 inches.  Another 
important pre-plant consideration is weed control.  Perennial weeds can cause 
significant crop competition and are difficult to control once brambles are in place due 
to a limited number of herbicides registered for use in established bramble plantings.  
Eliminating perennial weeds the year before bramble establishment can save time and 
money.  Cover crops can be grown during the year prior to planting to reduce weed 
populations (Bushway et al., 2008b). 
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Plant Selection  
 
Late-fruiting fall-bearing raspberry varieties should be selected for high tunnel 
environments to maximize late-season fruit production.   In addition, preference should 
be given to varieties that produce large, high quality berries.  ‘Caroline’ and ‘Autumn 
Britten’ are two varieties that have performed well in Utah high tunnels.  Resistance to 
plant viruses and other pests should also be considered when selecting raspberry 
varieties.  As with all fruit crops, start with pest-free plants from a reputable nursery.   
 
Planting 
 
Open-field raspberries are generally planted every 2 to 3 ft within the row and 
about 10 ft between rows to allow for movement of equipment (Bushway et al., 2008a).  
Large equipment is generally not used in high tunnels, so rows can be spaced closer 
together.  When planting raspberries in high tunnels, plants should be spaced 2 to 3 feet 
within rows and at least 6 feet between rows (Bushway et al., 2008a).  Figure 10.1 
shows a high tunnel raspberry planting on 7 ft row centers. 
 
High Tunnel Design 
 
There are many different high tunnel designs and manufactures.  Designs can 
include single-bay and multi-bay designs.  Designs also differ in structural strength.  In 
selecting a high tunnel design, one should consider wind, snow load, and the crop to be 
grown. Tunnels best suited for production of raspberries are those with side walls at 
least 5 to 6 feet tall to allow for sufficient plant height and cross ventilation.  Gable 
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vents mounted in the top of the end walls can provide additional ventilation.  If desired, 
bramble high tunnels can be built large enough to accommodate small machinery.  The 
design of the end walls and layout of rows within the high tunnel will dictate the 
accessibility to small machinery within the high tunnel. 
 
Raspberry Management 
 
Although fall-bearing raspberries in the field are sometimes managed to produce 
both summer and fall crops, high tunnel production should focus on a fall crop, and are 
best managed accordingly. Pruning should be conducted after plants are completely 
dormant from late January to mid February.  Care should be taken to ensure canes are 
pruned at ground level to prevent the cane stubs from sending out lateral fruiting 
branches that will produce small berries in the summer and remove energy from 
production of the fall crop (Bushway and Pritts, 2008). 
Trellising: High tunnel raspberries require a trellis system to support canes and 
keep ripening fruit off the ground.  While fall raspberries grown in the field are often not 
supported, canes in the high tunnels tend to grow longer and the closer row spacing is 
more manageable if the fruiting canes are supported.  While there are many trellising 
systems available, one of the simplest and most effective is the T trellis.  The T trellis 
(figure 10.2) consists of a vertical support post placed in the ground with a 2 foot 
crossbar fastened to the post approximately 5 to 6 ft above the ground.  Wire or twine is 
threaded through the crossbars to support the canes. With posts placed every 20- 30 
feet, baling twine or other lightweight rope or wire provides adequate support.  
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Additional crossbars added at lower levels can provide additional support.  Generally, 
support posts can be made from lighter-weight materials; however end posts should be 
heavier or well-anchored to maintain tension in the twine or wire.  Easily removable 
posts will simplify the pruning operations.   
 High Tunnel Management:  High tunnels can be managed to extend the berry 
production season both earlier and later in the year.  However, when producing a fall 
crop of raspberries, the objective is typically to extend the season as late as possible 
into the fall.  For this reason, high tunnels should be managed to maintain plant 
dormancy in the spring as long as possible.  One method for doing this is to remove the 
plastic covering on the high tunnel after the plants have gone dormant for the winter.  
Another method is to open all of the high tunnel vents in an effort to maintain the inside 
temperature near the outside temperature.  While the second method of only opening 
the vents is slightly less effective, it often requires less labor than removing and 
replacing the plastic each season.  During the growing season, the high tunnels are 
generally left open, either by removing the plastic or opening all side and end vents, 
until the temperature begins to drop below the optimal for growth of 70 to 80°F 
(Demchak et al., 2006), at which time the tunnels  are covered or closed, and then 
vented to maintain optimal temperatures for plant growth and fruit development. 
Fertility:  Prior to planting, soil tests should be performed and necessary soil 
amendments applied and incorporated (see Site Preparation for description of soil 
testing).  Fertigation, applying fertilizer through the irrigation system, is an easy and 
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effective way to fertilize raspberry plants.  It is recommended that fertility programs be 
based on leaf tissue sample analysis.  However, a good starting point is 3 oz actual N per 
1000 sq ft (8 lbs / per acre) per week in the planting year from May to mid September.  
In the second year, the recommended rate is 2 oz actual N per 1000 sq ft (5 lbs / acre) 
per week from the beginning of May to the end of August, or as fruit begins to ripen, 
whichever comes first.  The recommendation for the third year is 2.25 oz actual N per 
1000 sq ft (6 lbs / acre) per week from the beginning of May to the end of August, or as 
fruit begins to ripen, whichever comes first (Pritts, 2008)   Ammonium sulfate and urea 
are both good sources of N.  Potassium (K) and other nutrients may occasionally be 
needed, but their addition should be based on tissue tests.  Leaf tissue samples should 
be collected from the youngest fully expanded leaf approximately 4 weeks prior to 
harvest.  For more information on tissue tests, contact the USU Analytical Lab (see Site 
Preparation for contact information).  
 
Pests 
 
Raspberry Horntail:  The raspberry horntail is a cane-boring wasp that can 
significantly reduce raspberry yields (Alston et al., 2009a).  The larva is white and can 
grow up to 1 inch long (figure 10.3).  The egg is laid by the female wasp in the lower 
cane in the spring.  The young larva burrows upward and causes wilting of the cane tip 
and upper leaves.  Sometimes a shepherd’s crook is observed when wilting is severe 
(figure 10.4).  Presence of the horntail larva can be confirmed by carefully splitting open 
the cane.   The larva has a small brown spine on the tail end.  Application of contact 
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insecticides to kill adults in the spring can reduce egg-laying.  Effective insecticides 
include bifenthrin, carbaryl, diazinon, esfenvalerate, malathion, permethrin, and zeta-
cypermethrin.  Some of these insecticides are only available to licensed pesticide 
applicators and some are available for home use.  Pruning out and destroying infested 
cane tips when larval tunneling is observed can also be an effective control strategy.   
Raspberry Crown Borer:  The raspberry crown borer adult is a clear-winged moth 
with a two year life cycle (Alston, 2007).  Females lay eggs on the underside of cane 
berry leaves in the late summer.  After the eggs hatch, the larvae move down the 
outside of the cane towards the roots and the crown.  During the first year, larvae 
burrow into the cane or find a protected area at the base of the cane to overwinter.  The 
following summer larvae burrow into and feed on the crown.  At the end of the first 
summer, larvae make their way into the roots and overwinter there.  During the second 
summer, larvae make their way upwards into the crown where they continue feeding 
until mid summer when they pupate and emerge as adults in late summer.  The moths 
then complete their life cycle and lay eggs in late summer/early fall (Bushway et al., 
2008a).  Infested canes can be wilted and sometimes have a shepherds crook (figure 
10.4).  Infested canes often break off at ground level with minimal effort where the 
crown has been girdled.   Raspberry crown borers are best controlled while on the 
outside of the plant.  This is best achieved with an early to mid October application of 
carbaryl, malathion, or esfenvalerate, which kill newly hatched larvae as they travel 
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down the outside of the cane.  Because of the two-year life cycle, good control will take 
multiple years of effective insecticide applications (Alston, 2007). 
Fruit Feeding Insects:  Some insects cause injury by directly feeding on the 
developing fruit.  Fruit feeders in Utah include grasshoppers, earwigs, stink bugs, lygus 
bug, European paper wasp, and yellow jacket.  These insects can be controlled with 
carbaryl, malathion, esfenvalerate, or spinosad (Alston, 2007).  Grasshoppers and 
earwigs need to be treated before the adult life stage, which means scouting and 
treating for these pests throughout the summer.  Stinkbug and lygus bug should be 
treated when they pose an economic threat.  Shaking canes over a light-colored tray will 
dislodge insects for easy counting.  Paper wasps and yellow jackets can also be 
controlled with insecticides and traps.  Several types of yellow jacket traps are 
commercially available.  A simple, homemade juice trap can reduce European paper 
wasp populations (Alston et al., 2009b).   
Phytophthora Root Rot:  Symptoms of phytophthora root rot include stunted 
canes, weak fruiting laterals, and premature yellowing of the leaves.  To determine if 
canes are infected with phytophthora, dig up a wilted, but not dead plant and scrape off 
the outer bark of the crown and the main roots with a knife edge.  Phtophthora causes 
the cambium and tissues just under the bark to turn a dark red to brown as compared to 
the white color of healthy plants.  Chemical control is currently limited, thus making 
prevention a must.  Raspberries should be planted in well drained soils.  If heavy soils 
are present, the use of a raised planting bed should be considered.  In addition, 
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raspberries should not be overwatered, and standing water should be avoided.  Growers 
should purchase clean planting stock from a reputable nursery (Celetti et al., 2008).   
Raspberry Bushy Dwarf Virus:  Symptoms of raspberry bushy dwarf virus (RBDV) 
include stunted plants and crumbly fruit.  RBDV is virtually impossible to control after it 
has infected a planting.  Growers should select varieties that are resistant to RBDV, and 
for those varieties that are not resistant, only plant stock that has been tested and 
found to be free of RBDV (Celetti et al., 2008). 
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Figure 10.2. Example of T-trellis in a high tunnel. 
 
 
  
Figure 10.1. High tunnel raspberry planting on 7 ft row centers. 
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Figure 10.3. Raspberry horntail larva tunneling in a raspberry cane.  The 
sawdust-like brown clump is insect frass, or excrement. 
Figure 10.4. Shepherd's crook and wilting caused by 
the raspberry horntail. 
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CHAPTER 11 
SUMMARY AND CONCLUSIONS 
 
 High tunnels have been shown to extend the growing season in Utah for strawberries.  
Early season strawberry production was obtained by using high tunnels to provide more optimal 
growing conditions in the early spring for fall planted June-bearing cultivars.  June-bearing 
cultivars are sensitive to photoperiod and fall planting date in annual systems has been shown 
to effect the growth and fruiting habits of these plants (Albregts and Chandler, 1994; Galletta 
and Bringhurst, 1990; Maurer and Umeda, 1999).  In this experiment the optimal fall planting 
date for high tunnel planted June-bearing ‘Chandler’ was approximately 1 Sept.  In addition to 
optimizing fall planting dates, a new high density vertical growing system was evaluated for 
maximizing yields per tunnel area.  Results from this experiment showed that yields per tunnel 
area were maximized in an east/west facing vertical configuration where the plant density per 
high tunnel area was highest.  Root zone area for the vertical growing systems was minimal, and 
plants were extremely sensitive to irrigation failures in the spring and summer as well as cold 
temperatures during the winter.  It was determined that the increased yields per high tunnel 
area in the vertical systems were not sufficient to offset the additional costs of constructing and 
managing the vertical systems.   
 High tunnel day-neutral strawberry cultivars were used to evaluate summer and fall 
strawberry production.  Day-neutrals were planted in an annual hill system.  High tunnels 
facilitated the early planting (late February) of dormant bare root plants, as well as providing 
more optimal growing conditions in the early spring to facilitate early plant development.  Day-
neutral cultivars are insensitive to photoperiod and will continue to flower as long as 
temperatures are between 4 and 29°C (Hancock and Handley, 1998; Pritts and Dale, 1989).  The 
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hot climate in Utah generally prohibits significant summer strawberry production with day-
neutral cultivars.  However, the advancement of plant development in the early spring allowed 
for significant production before flowering was limited by temperature.  Additionally, high 
tunnels were used to protect day-neutral cultivars from the fall frosts, and extend production 
into mid December.  Of the four cultivars evaluated (‘Albion,’ ‘Seascape,’ ‘Evie 2,’ and ‘Tribute’), 
‘Evie 2’ was determined to be most suitable cultivar for high tunnel production based on yields 
and berry size. 
 Results from this experiment indicated that a combination of high tunnel planted June-
bearing and day-neutral cultivars can be an effective combination for extending the strawberry 
season in colder climates.  In relation to field planted strawberries, high tunnels advanced 
significant production by approximately 3 weeks.  Both high tunnel and field production was 
limited around the end of June for June-bearing strawberries.  However, high tunnel planted 
day-neutral cultivars came into production around mid June and production peaked in mid July 
(Fig. 11.1).  Using a combination of high tunnel-planted June-bearing and day-neutral 
strawberries, significant production occurred for approximately 10 weeks compared to 3 to 4 
weeks of production common for field planted June-bearing strawberries.  Based on current 
management methods described above, net income was $1,633 for a 4.3 x 29.3 m low-cost-high 
tunnel planted with June-bearing strawberries.  This is an increase of $1,624 for an equivalent 
field planting.  Net income for a 4.3 x 29.3 m low-cost-high tunnel planted with day neutral 
cultivars was estimated to be $79, or an increase of $777 compared to an equivalent field 
planting.  
 High tunnels were also used to evaluate growing season extension for raspberries.  
Floricane-fruiting ‘Tulameen’ was used for early season extension, and primocane-fruiting 
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‘Caroline’ was used for late season extension.  Our results did not show that high tunnels had 
any significant early season extension benefits with ‘Tulameen.’  This is most likely a result of 
severe winter injury that occurred with ‘Tulameen.’  More success would likely be achieved with 
a more cold-hardy cultivar.  The selection of an appropriate fruiting cultivar should be the 
subject of future research.    
Using high tunnels for late season extension of ‘Caroline’ also did not extend the season 
significantly.  In 2009, peak production occurred approximately 4 weeks prior to the first fall 
frost, indicating that ‘Caroline’ simply fruited too early to produce significant out-of-season 
yields in high tunnels.  Despite low out-of-season yields, high tunnels were used to protect fruit 
and flowers for more than 3 weeks after the first fall killing frost.  Net income from high tunnel 
‘Caroline’ raspberry production is estimated to be $1,622 for a 9.1 x 29.3 m long high tunnel, 
which is a $530 reduction in net income compared to an equivalent field planting.  High tunnel 
use for raspberry season extension appears to have potential.  However, the selection of an 
appropriate late fruiting primocane cultivar is paramount for the success of high tunnel 
raspberry production.  In addition to evaluating high tunnels as a means for early and late 
season extension, a containerized planting system (Heidenreich et al., 2008; Koester and Pritts, 
2003) was evaluated for use in double cropping high tunnel space.  Yields from containerized 
raspberries were significantly lower than in-ground planted raspberries, and the system is not 
recommended at the current time. 
The purpose of this research project has been to 1) optimize high tunnel management 
systems for strawberries and raspberries in high-elevation climates,2) to evaluate the economics 
of these management systems and 3) to outline the specifics of these systems for adoption into 
commercial production.   The preceding thesis chapters detail our efforts to optimize and 
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evaluate high tunnel production of both strawberries and raspberries.  Specifically, the chapters 
contain scientific reports that detail our materials and methods, results, and suggested future 
research for the successful implementation of high tunnel strawberry and raspberry production.  
Also included in the preceding chapters are practical growing suggestions, as well as economic 
analysis for use by local producers for the successful implementation of high tunnel technology.  
With the decreasing farm parcel size in the state of Utah (BROWN, 1994; CLARK, 2009), it is our 
hope that these reports will help local producers continue to be profitable in the changing face 
of agriculture, as well as guiding future research to further optimize high tunnel management 
systems.   
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Figure 11.1.  Effect of high tunnels on June-bearing ‘Chandler’ and day-neutral ‘Evie 2’ yields in 
comparison to field planted ‘Chandler’.  Time course data for high tunnel and field ‘Chandler’ 
were selected based on optimal planting date.  ‘Evie 2’ data were selected because ‘Evie 2’ was 
determined to be the most suitable day-neutral cultivar for high tunnel production. 
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Table A.1. Curve fitting equations for in-ground June-
bearing strawberry system.  See Figure 2.1.
2008
   Fall runners y = 0.341x2 -3.528x + 8.666 
   Spring runners y = 0.584x2 - 3.360x + 7.472 
   Crowns y = -0.2212x2 + 1.3042x + 2.3278 
   Early yield y = -41.12x2 + 264.8x - 20.71 
2009
   Fall runners y = 0.530x2 -4.316x + 8.818 
   Spring runners y = 1.747x2 - 7.281x + 11.76 
   Crowns y = -0.309x2 + 1.698x + 1.991
   Early yield y = -22.09x2 + 117x - 153.9 
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Table A.2. Curve fitting equations for east/west-facing 
 vertical strawberry system.  See figure 2.3.
2008
   Fall runners y = -0.444x + 2.308 
   Crowns y = -0.2137x + 3.7402 
2009
   Fall runners y = 0.3274x2 -2.963x + 6.516 
   Spring runners y = 0.4684x2 - 2.027x + 4.316 
   Crowns y = -0.2126x + 4.0483
   Early yield y = -9.1974x
2 + 66.296x - 1.1147
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Table A.3. Curve fitting equations for south-facing 
 vertical system.  See figure 2.4
2008
   Fall runners y = -0.458x + 2.527
   Crowns y = -0.311x + 4.185
2009
   Fall runners y = 0.336x2 - 3.001x - 6.482
   Crowns y = -0.148x + 3.632
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Table A.4. Curve fitting equations for field comparisons
of June-bearing strawberry. See figure 2.5.
Chandler
   Fall runners y = -0.9668x + 5.1774 
   Spring runners y = -1.4905x2 + 10.622x + 0.84 
   Crowns y = -0.6994x + 5.6126 
Allstar
   Fall runners y = -0.144x + 0.7241 
   Crowns y = -0.5183x + 4.6111 
   Total yield y = -96.468x + 603.61 
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Figure A.1.  2008 high tunnel layout and blocking schematic 
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Figure A.2.  Plan view of east/west-facing vertical growing system.  Accounting for maintenance 
space, planting density is approximately 21.5 plants/m-2. 
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Figure A.3.  Side view of east/west-facing vertical growing system.   
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Figure A.4.  Plan view of south-facing vertical growing system.  Accounting for maintenance 
space, planting density is approximately 16.1 plants/m-2. 
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Figure A.5.  Side view of south-facing vertical growing system.   
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Figure A.6.  South-facing vertical growing system (left), east/west-facing vertical system (back 
center), and in-ground annual hill system (lower right). 
 
